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“The reconstruction of the human family 
tree—its branching order, its timing, and its 
geography—may be within our grasp.... This 
research has great importance for the obvi- 
ous and most joyously legitimate parochial 
reason—our intense fascination with our- 
selves and the details of our history.” 

—from Stephen Jay Gould’s 
article in Natural History 
on the research of 

L. Luca Cavalli-Sforza et al. 


L. Luca Cavalli-Sforza and his collabora- 
tors Paolo Menozzi and Alberto Piazza have 
devoted fourteen years to one of the most 
compelling scientific projects of our time: the 
reconstruction of where human populations 
originated and the paths by which they spread 
throughout the world. In this volume, the cul- 
mination of their research, the authors explain 
their pioneering use of genetic data, which 
they integrate with insights from geography, 
ecology, archaeology, physical anthropology, 
and linguistics to create the first full-scale ac- 
count of human evolution as it occurred 
across all continents. This interdisciplinary 
approach enables them to address a wide 
range of issues that continue to incite debate: 
the timing of the first appearance of our spe- 
cies, the problem of African origins, includ- 
ing the significance of work recently done 
on mitochondrial DNA and the popular no- 
tion of an “African Eve,” the controversy per- 
taining to the peopling of the Americas, and 
the reason for the presence of non-Indo- 
European languages—Basque, Finnish, and 
Hungarian—in Europe. 

The authors reconstruct the history of our 
evolution by focusing on genetic divergence 
among human groups. Using genetic infor- 
mation accumulated over the last fifty years, 
they examined over 110 different inherited 
traits, such as blood types, HLA factors, pro- 
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PREFACE 


THIRTY years ago the first effort was made to recon- 
struct the history of human differentiation by employing 
the genetic divergence observed among human groups. 
The data base comprised gene frequencies, that is, fre- 
quencies of alleles at polymorphic loci known to be 
clearly inherited. Observed frequencies are very stable 
and seem to be rather insensitive to short-term envi- 
ronmental change. There are, however, very few if any 
data from the past, and stability in time is inferred from 
the stability in space, essentially the regularity of gene- 
frequency distributions and the very small differences 
usually observed among populations that live in widely 
different environments. Fortunately, in very recent times, 
new developments in molecular technology have gener- 
ated the hope of obtaining substantial information from 
individuals or populations that have been dead for a long 
time. 

Data from physical anthropology (including skin 
color, body build, and facial traits) had previously 
been the only source of information. Some of these 
data, especially measurements on bones, have the great 
advantage of being readable in the fossil material. 
Unfortunately, data available for the past have shown 
conspicuous changes in the last 200 years, as, for in- 
stance, the trend to increase in stature and changes in 
other measurements observed in Europe. It 1s difficult 
to ascribe these observations to genetic causes, and it is 
more likely that they represent responses to recent envi- 
ronmental changes. They are therefore less suitable for 
the study of genetic history. Even so, major differences 
observed in the fossil material have been important for 
reconstructing the general lines of evolution of the genus 
Homo. More detailed conclusions are still controversial 
because of the rarity of informative specimens and of 
dating difficulties in the time range of greater interest. 
Some of these limitations are slowly being removed. 

Genetic data about extant populations useful for 
our purposes are extremely numerous. Two of the first 
polymorphic loci discovered, the ABO and RH blood 
groups, had considerable clinical importance and were 
tested very widely. Many other markers with no clin- 
ical interest were nevertheless investigated in many 
populations because of the anthropological information 
they can provide. Unfortunately, the existing data vary 


widely in number and geographic distribution. If they 
had been collected more systematically according to a ra- 
tional plan, as occurred for important markers like those 
of the HLA system, we would have a much more infor- 
mative body of data. Today molecular genetics is pro- 
viding us with enormously more powerful technology, 
but the data base thus generated is still minimal, and we 
should better organize our future efforts. 

There is another important reason for starting a ma- 
jor program in analyzing human diversity now. While 
our potential skills for analyzing human evolution are 
increasing, social changes taking place in developing 
countries are rapidly destroying the identities —if not the 
very existence—of the most important aboriginal pop- 
ulations. Thus, organized research efforts to save this 
precious information about our past have acquired a 
new urgency. Fortunately, recent technical developments 
make the prospects very exciting, so that this is a good 
time for taking stock of available knowledge and using 
it as a guide for planning future research. 

This book was started with the desire to analyze the 
geography of human genes, using new techniques we 
have developed for the purpose of studying ancient hu- 
man migrations. While the very demanding work of 
computerizing the enormous data base in existence was 
proceeding, it became clear that there was a need to ana- 
lyze the same information with other techniques, devel- 
oped by us and by others, which can lead to conclusions 
of historical interest. But the challenging task of recon- 
structing the history of human evolution can hardly be 
entirely satisfactory using only evidence provided by the 
genetic data. Information from historical, linguistic, an- 
thropological, and archaeological sources is also useful, 
and it should be compared with the genetic evidence if 
we wish to reach fully satisfactory conclusions. 

Needless to say, all these sources have their own lim- 
itations. Relevant data from history are infrequent, far 
from quantitative, and do not usually probe deep enough 
in time. Archaeology says very little about the physi- 
cal populations it studies, but it gives dates and some, 
however vague, information on demography, especially 
on numbers of people, that are important for predicting 
the rates of genetic evolution. But archaeologists often 
find it difficult to distinguish between the migration of 
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people and the diffusion of artifacts or the techniques 
for making them. Linguistic change follows rules that 
are somewhat analogous to those of genetic evolution, 
except that it is much faster and the reconstruction of 
early stages is therefore especially difficult. Moreover, 
languages are sometimes replaced by others of totally 
different origin in a very short time, partially blurring 
the concordances. Physical anthropology can be mislead- 
ing because certain physical traits observed in bones can 
sometimes change quickly with changing environmental 
conditions. Only genes almost always have the degree of 
permanence necessary for discussing fissions, fusions, 
and migrations of populations that took place during the 
history of our subspecies, which goes back for at least 
100,000 years. A large fraction of the genetic variants 
we study appeared before that time. Their relative pro- 
portions have changed considerably since and can orient 
us in understanding population history. 

Although population geneticists often summarize 
knowledge about the archaeology, history, and linguis- 
tics of the ethnic groups they have studied, there has 
been no comprehensive treatment or attempt at a global 
picture of our species from the points of view of gen- 
eral history that are relevant for genetics. We hope to 
fill this gap with the present volume. In the first chapter 
we give some general historical information on the sub- 
ject, a discussion of the concept of race, its failure, and 
an elementary introduction to the major analytical tech- 
niques used for our purposes. We have tried to make 
the book readable to scientists of as many disciplines as 
possible, given that not only geneticists but also schol- 
ars from fields as diverse as archaeology, anthropology, 
history, geography, and linguistics have a potential in- 
terest in the subject. Most barriers to cross-disciplinary 
exchanges are the result of the specialized vocabularies 
of each field, and we have tried to counter this limitation 
as much as possible. This is tantamount to saying that 
lay readers could also understand this book, if they have 
the motivation necessary for going through a scientific 
analysis. Inevitably, the discussion is kept at an elemen- 
tary level in each of these disciplines, and the language 
used is as simple as possible. Statistical methods and 
basic population genetics theory are explained in a qual- 
itative way with economical use of scientific terms; all 
of which are defined at their first introduction. 

The second chapter is dedicated to an analysis of the 
world data with the aim of understanding the general 
history of Homo sapiens sapiens. Trees of descent are 
reconstructed and compared with archaeological data and 
linguistic classifications. Other methods of analysis are 
applied to the global data for an evaluation of the genetic 
structure of the species as a whole. 

The five chapters that follow are dedicated to the 
major geographic subdivisions of the inhabited Earth. 
We start with the continent where the genus and probably 


also the subspecies to which we belong have first de- 
veloped, Africa, and then proceed with the other con- 
tinents successively occupied, though not in the strict 
order of occupation: Asia, Europe, America, and Ocea- 
nia. In each chapter we briefly discuss geography and 
ecology, and then history, starting with paleoanthropo- 
logical and archaeological information. We pay special 
attention, when possible, to population numbers and 
densities, as well as to migrations that have special 
relevance for the evolutionary processes in which we are 
interested. Physical anthropology and linguistics follow. 
Then an analysis of the available genetic data is given 
for each continent in general and for its most impor- 
tant subsections. Geographic maps of genes for which 
there is enough information are given for the world and 
each continent at the end of the volume. “Synthetic” 
geographic maps derived from them are given in the 
text and show the major genetic patterns that can be ab- 
stracted from the total genetic “landscape” by suitable 
methods. There is not always enough genetic informa- 
tion to make full use of or to interpret all the historical 
and other nongenetic information given in the first sec- 
tions of each chapter, nor is there enough of the latter to 
explain all details of the former, but we hope the unused 
information may be a stimulus for further research. 

The last chapter is an epilogue that discusses generally 
our conclusions from a methodological point of view 
and the most urgent problems facing the continuation 
of research at this crucial time. We now have the tools 
for doing a much better job than has been done thus far 
at the level of both data collection and analysis. There 
is, of course, room for improvement in both, but the 
usefulness of living populations is being destroyed by a 
rapid increase in the rate at which human populations 
are vanishing. The mixing of formerly isolated groups is 
especially damaging for future research. This is a critical 
time for organizing our efforts before we lose a unique 
opportunity for understanding our genetic heritage. 

As already mentioned, the second half of the book 
is dedicated to geographic maps for all genes for which 
the amount of data of aboriginal populations was deemed 
adequate. It is difficult to establish an objective criterion 
for deciding when data are sufficient for making a map, 
and the choice of alleles and continents represented in 
the maps was in part subjective. Gene frequencies from 
samples that were geographically too close had to be 
averaged before they were used in constructing maps. 
For different populations inhabiting the same region, we 
had to choose between discarding some of them or pool- 
ing them. In general, when there were both aboriginal 
populations and late settlers that could be easily distin- 
guished, the former were chosen. The pooling of distinct 
populations living in the same narrow area generated lo- 
cal heterogeneities, which were systematically estimated 
and are shown on each map. 


For satisfactory map construction, the regularity of the 
geographic distribution of the data is even more important 
than the total number of observations. Even for the most 
intensively studied genes, some areas are not well sam- 
pled. In order to give an idea of the strengths and weak- 
nesses of each map from the point of view of the spatial 
distribution of data, we have indicated the locations at 
which data were available, as well as significant local 
heterogeneity, if any. No smoothing of the data could be 
perfect; we have therefore indicated where the calculated 
surface of gene frequencies departed significantly from 
the observations, and the direction of departure. A brief 
comment on the map of each gene is given in a special 
section of the appropriate chapter. These single-gene 
maps were used to generate the synthetic ones. 

All gene frequencies obtained from the literature were 
used for building the geographic maps, but only a selec- 
tion of populations tested for a greater number of genes 
was employed for tree analysis. The two methods, trees 
and geographic maps can be considered complementary 
descriptions of the same reality. The first stresses histor- 
ical aspects, and the second the geographic ones. The 
historical interpretation of trees needs to be strength- 
ened by tests of the validity of the hypotheses under- 
lying them, which is sometimes possible. We usually 
find good agreement between genetic and nongenetic in- 
formation, which encourages us further to believe in our 
conclusions. If nothing else, the presentation of clear 
hypotheses that can be tested is, we believe, a valuable 
contribution. 
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The gene frequencies of the population samples used 
for tree analysis in the various chapters and their sources 
are also given in the second part of the book (Appendixes 
1 and 2). The bibliography of gene frequencies used for 
trees and maps is separate from that of works cited in 
the text (Appendix 3 and Appendix Bibliography). The 
largest part of gene-frequency data is also found in ear- 
lier tabulations that report the relevant sources, and we 
make specific reference to them population by popula- 
tion. 

The task we set before ourselves was not an easy one, 
and we hope critical readers will recognize that the need 
to summarize a substantial amount of information of 
varied nature has inevitably generated the possibility of 
important omissions and errors. In particular, we apol- 
ogize to authors who may feel their work has not been 
adequately considered. In many cases we have preferred 
to give our conclusions without comparing them with 
dissenting ones. Our excuse is that we wanted to present 
testable hypotheses and indicate the basis on which we 
have accepted or discarded them, without attempting to 
be fully comprehensive (a nearly impossible task). We 
are hopeful that our effort will help to spread knowl- 
edge and interest in human population genetics, and to 
recognize the usefulness of thinking in multidisciplinary 
terms. Much work is necessary for filling important 
gaps, for organizing future research more satisfactorily 
at an international level, and for making full use of 
the power of present techniques at this critical time, 
when crucial information is slipping out of our hands. 


ACKNOWLEDGMENTS 


Our LIST of acknowledgments is long, and we hope we 
are not leaving out anyone. Many people helped us with 
computerizing our data and in many other ways. In par- 
ticular, we want to thank Juliana Hwang for computer 
programming, and Mariangela Trentadue, Sharon Fein- 
gold, and the late Michelle Leo for data input. Most 
text figures were computer-generated by Megan Betz, 
and in part by Kim Ha. In addition to this effort, which 
was rather heroic considering the computer programs that 
were used at the time, they took part in the final prepa- 
ration of the bibliography. Much of the statistical anal- 
ysis was skillfully performed by Nazario Cappello, Eric 
Minch, Joanna Mountain, and Sabina Rendine. To all of 
them we express our heartfelt thanks. 

The production of the geographic maps was an eight- 
year endeavor undertaken at the University of Parma 
under the auspices of its computer center, which made 
available unlimited amounts of computer time and untold 
miles of plotter paper and ink. We could not have car- 
ried out our project without the unlimited support and 
assistance of the computer center staff. Words cannot 
express our gratitude for Enzo Siri’s wizard capacity for 
solving graphics programming problems and his biblical 
patience in producing the maps that appear in this book. 

The consistently creative help of Eleonora Olivetti and 
Sabina Rendine, always over and above the demands of 
duty, in preparing the plots included in each map and the 
color synthetic maps played a critical role in completing 
the graphic part of our work. 

Many people kindly read parts of the manuscript and 
suggested changes: Peter Bellwood, Jaume Bertranpetit, 
Anne Bowcock, Giacomo Giacobini, Barry Hewlett, 
Eric Minch, James V. Neel, Colin Renfrew, Philip Right- 
mire, S. M. Sirajuddin, Robert Sokal, Chris Stringer, 
Ken Weiss. Merritt Ruhlen read the entire manuscript. 
Mike Crawford helped greatly with data from Siberia. 


Frank Livingstone, Arthur Mourant, and Don Tills pro- 
vided us with proofs of their tabulations in advance 
of publication of their books. Franco Scudo made us 
aware of the Darwin citation used in chapter 8. Ros- 
alba Guglielmino Matessi contributed in processing and 
interpreting the hemoglobin data included in this book. 
None of these helpers must be blamed for our mistakes, 
but we are grateful for their help and encouragement. 
Finally, Ed Tenner and Judy May of Princeton Univer- 
sity Press provided the initial encouragement to extend 
our 1978 geographic analysis of Europe to the rest of the 
world, and the entire Press (in particular, Emily Wilkin- 
son) have been remarkably helpful and patient as we 
missed deadline upon deadline for presentation of our 
final manuscript. Copy editing, an endless job, fell upon 
the shoulders of Teresa Carson, who contributed grace- 
fully to improving the final product. Last but not least, 
Marilyn Anderson lightened our load by providing sec- 
retarial help with sensitivity and good spirit. 

Grants-in-aid should be acknowledged. Without the 
National Institutes of Health (NIH) grants GM20467 and 
GM10452, this research would not have been possible. 
Financial help also came from the NIH National Library 
of Medicine (grant LM04106), the Lucille P Markey 
Charitable Trust, the Wenner-Gren Foundation, and the 
National Science Foundation (Anthropology Division). 
On the other side of the Atlantic, the Italian CNR (Con- 
siglio Nazionale delle Ricerche) Projects “Biotechnology 
and Bioinstrumentation,” “Genetic Engineering,” “Bi- 
ological Archive,” and MURST (Ministero Universita’ 
Ricerca Scientifica Tecnologica) funds of 40% and 60% 
are gratefully acknowledged. Computer time for graph- 
ics (plots and color maps) was supported by grants and 
facilities of CSI-Piemonte (Consorzio per il Sistema In- 
formativo, Torino, Italy). The help of their staff was 
especially appreciated. 


~* 


-. 


THE HISTORY AND GEOGRAPHY OF HUMAN GENES 


1 INTRODUCTION TO CONCEPTS, 
DATA, AND METHODS 


Genetic definitions 
Techniques for detection of polymorphic 
markers 
1.4. The evolution of gene frequencies 
1.5. Classical attempts to distinguish human 
“races” 
1.6. Scientific failure of the concept of human 
races 
1.7. Identifying population units 
1.8. Linguistic classification 


1.1. Introduction 
1.2. 
133. 


om 
Re: 


1.1. INTRODUCTION 


For some time, geneticists had been aware of a certain 
amount of genetic variation among the individuals form- 
ing a species, but the remarkable extent of this variation 
was not appreciated until about 25 years ago. Conspicu- 
ous human traits like hair and eye color clearly vary from 
one individual to the other in many populations; these 
differences are easily perceived by the layman, as are 
variation in height, weight, body build, and facial traits, 
which are also genetically determined to some extent. 
Their hereditary transmission, however, is complex, and 
these traits contribute little to our understanding of the 
extent of variation. The first example of clear-cut genetic 
variation, that of ABO blood groups, was described at 
the beginning of the century (Landsteiner 1901). Dissim- 
ilarities between individuals regarding ABO blood-group 
variation are due to small chemical differences between 
molecules found at the surface of red blood cells. 

These studies were soon extended to other blood- 
group systems, and a body of data began to accumulate 
showing that different human populations have different 
proportions of blood groups. However, the first glimpse 
of the staggering magnitude of genetic variation came 
later— beginning in the 1950s and coming to full devel- 
opment in the 1960s—when individual differences for 
proteins could be systematically studied. A protein is 
a large molecule made of a linear sequence of compo- 
nents called amino acids; different proteins vary consid- 
erably in their amino-acid composition and serve very 
different functions. The relationship between structure 
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and function has been demonstrated for many proteins. 
The same protein may show small, strictly inherited dif- 
ferences between individuals. The first example was ob- 
served in the protein hemoglobin, in which the replace- 
ment of a specific amino acid by another was shown to 
determine a hereditary disease known as sickle-cell ane- 
mia. This first case of “molecular pathology” was de- 
tected by subjecting the protein to an electric field with 
a procedure called electrophoresis (Pauling et al. 1949; 
Ingram 1957). The amino-acid replacement involved in 
sickle-cell anemia causes a change in the electric charge 
of the hemoglobin molecule, which allows the separation 
of normal and sickle-cell hemoglobins. Electrophoretic 
analysis has since been further developed and has helped 
detect a great deal of variation in proteins. It is now 
known that the majority of the tens of thousands of 
different proteins found in an organism exist in more 
than one form, so that some individuals may have one 
form of the protein, whereas others may have another 
form. 

Protein variation is still the tip of the iceberg. Only 
when the analysis could be carried out at the level of the 
hereditary material itself, deoxyribonucleic acid (DNA), 
could the full extent of individual genetic variation begin 
to emerge. This technique became widely available only 
in the 1980s, and although comparisons of segments of 
DNA in different individuals are still rare, they are be- 
coming more common. They are, however, adequate to 
convince us that there is much more variation at the DNA 


4 CHAPTER 1 


level than was suspected when only proteins and blood 
groups could be analyzed. 

Techniques of DNA analysis are still being developed 
rapidly, and the future will undoubtedly see more and 
more attention being paid to individual variation at the 
DNA level. Meanwhile, an enormous wealth of informa- 
tion has accumulated and keeps accumulating on individ- 
ual variation studied with immunological techniques (as 
the blood groups are) or with electrophoresis of proteins. 

If we know that there exist different genetic types of 
a specific protein or other strictly inherited character, 
we can count individuals carrying one type or the other 
and establish the proportions of that type in the popula- 
tion being examined. These proportions vary from one 
population to another because they change over time in 
each population in a relatively unpredictable manner. The 
change in proportions of these types over time is the 
evolutionary process itself. It proceeds slowly but in- 
cessantly over generations. The analysis of populations 
living today in different places gives us a cross section 
in time of this continuing process, which is inevitably 
diverse in the various parts of the inhabited Earth. 

Our primary interest is in understanding this evolu- 
tionary process. The first task is to describe the existing 
variation, using a variety of techniques that lend them- 
selves to this work and allow us to test the relevant evo- 
lutionary models. We restrict our interest to aboriginal 
populations, which we define as those already living in 
the area of study in A.D. 1492. After this time, geographic 
discoveries stimulated the expansion and migrations of 
the economically more advanced populations all over the 
planet. Some movement took place before a.pD. 1492, but 
at a smaller scale. Ordinarily, populations that migrated 
after that date have mixed only partially with earlier resi- 
dents and are easily recognizable on the basis of physical 
appearance and historical and social knowledge. They, 
and some populations that are highly isolated and/or have 
had a complex history —such as Samaritans, Jews, Gyp- 
sies, and several others—need special study and are not 
considered in this book. Samaritans, as well as many 
Jewish populations, have been the object of analysis by 
Batsheva Bonné-Tamir (1980; Bonné-Tamir et al. 1992). 
Several general articles and books have been dedicated to 
Jews (e.g., Mourant 1978; Carmelli and Cavalli-Sforza 
1979: Karlin et al. 1979; Morton et al. 1982; Livshits et 
al. 1991). 

One way of studying living populations is a geographic 
representation of the data. For this purpose we first con- 
sider each gene (a segment of DNA endowed with a spe- 
cific function) by itself, and for each gene we separately 
analyze the different forms that we can recognize, the al- 
leles of that gene. The proportion of a given allele in dif- 
ferent populations is the raw material of this approach. It 
is well established that the proportion of an allele varies 
considerably from place to place, but usually there is 
little difference between neighboring populations so that 


the greatest variation is observed at large distances. It 
is thus possible to prepare geographic maps represent- 
ing these proportions for a particular allele (also called 
allele frequencies, or simply, gene frequencies) when a 
sufficient number of populations have been tested. The 
standard procedure is to draw isogenic curves or lines 
connecting points of equal gene frequency. 

Geographic maps of an allele are useful for under- 
standing facts specific to that allele, including its evo- 
lutionary history and the effects of evolutionary factors 
like mutation and natural selection. The geographic dis- 
tribution of a particular allele may give information on 
the place of origin of the genetic change (mutation) that 
generated it. Correlations of the distributions of gene 
frequencies with environmental parameters at the geo- 
graphic level have been instrumental in the discovery 
of specific genetic adaptations. The sickle-cell anemia 
gene was the first example, because its geographic dis- 
tribution showed a correlation with that of malaria (Hal- 
dane 1949). The hypothesis that this gene may confer 
resistance to malaria was later confirmed by more direct 
tests. 

For a long time anthropologists tried to reconstruct 
evolutionary relationships and history on the basis of a 
single character or gene. A favorite for over 100 years 
was the cephalic index (the percentage of skull breadth 
to length) introduced shortly before the middle of the last 
century. However, with a single trait, two populations of 
different origin could well turn out to be more or less 
identical. Anthropometric traits of this kind also have an- 
other very serious drawback: there is no guarantee that 
the character is completely under the control of biologi- 
cal inheritance and the variations observed could be due 
to short-term response to environmental changes. This 
was shown by Boas (1940) at the beginning of the cen- 
tury, but this lesson was, and still is, usually forgotten. 
The main advantage offered by such traits, namely the 
availability of data from fossil bones, was therefore min- 
imized because of the uncertain nature of the observed 
differences. 

After the first blood-group system (ABO) was discov- 
ered, ABO gene frequencies soon became a favorite for 
classifying populations. The information thus obtained, 
however, is also inadequate, even if it escapes to a large 
extent the limitation of possible short-term changes un- 
der direct environmental effect. Every gene frequency 
varies over time in ways that can be considered, at least 
superficially, nearly random. Therefore, it is not surpris- 
ing that populations having clearly different evolutionary 
histories may show similar gene frequencies. This draw- 
back can be avoided if one cumulates the information 
from more than one gene. As one increases the number 
of genes considered simultaneously, the probability that 
a similar confusion takes place becomes more and more 
remote. In 1963 it was shown that even with as few as 
20 alleles from five genes one could successfully attempt 


a reconstruction of human evolution (Cavalli-Sforza and 
Edwards 1964). Later experience proved that a larger 
number is desirable or even necessary. 

Several methods allow us to combine the informa- 
tion from many genes into appropriate statistical indices. 
They are usually called multivariate to distinguish them 
from those using single traits or genes (univariate). 

Multivariate analysis is especially useful for under- 
standing evolutionary forces that tend to operate in a 
parallel fashion on all genes: migration and random 
genetic drift (the random fluctuation of gene frequencies 
in time, to be further explained later). These and other 
methods are applied to the existing data with the aim of ex- 
tracting information of genetic and evolutionary interest. 

The reconstruction of human evolution, including the 
fissions, the major migrations, and the understanding of 
the roles of mutation, drift, and natural selection is of- 
ten difficult and challenging. There is clearly little hope 
of an experimental approach to our species, in which the 


1.2. GENETIC DEFINITIONS 


The purpose of this section is to provide some el- 
ementary definitions for readers who have no back- 
ground in genetics. Genetic information is present in 
every cell of an organism in the form of chromo- 
somes, of which there exist 23 pairs per cell in hu- 
mans. Each pair is made up of one member of pater- 
nal and one of maternal origin that are morphologically 
indistinguishable but show subtle differences detectable 
at the chemical level. The main constituent of chromo- 
somes, and the carrier of genetic information, is de- 
oxyribonucleic acid (DNA), a long thread consisting of 
a linear sequence of relatively small molecules called 
nucleotides, or simply bases. Each nucleotide is cho- 
sen from four different ones, indicated by the symbols 
A,C,G,T. A short segment of DNA may look like a su- 
perficially random sequence of nucleotides, for example, 
TAACATGCCAT. ... 

The order of the nucleotides is actually responsible for 
the specific actions of DNA and is copied almost with- 
out error at reproduction of cells and individuals. Thus, 
the progeny contains DNA with a sequence essentially 
identical to that of the parent, and this is the mechanism 
that ensures the maintenance of the properties of living 
organisms. 

The DNA thread is most probably continuous along 
a chromosome and is extremely long, since the average 
number of nucleotides per chromosome is over 100 mil- 
lion. In spite of its continuity, one can recognize shorter 
segments in the DNA that have specific functions and 
are called genes. The genes we recognize most easily are 
those that direct the structure and shape (and thus also the 
function) of proteins, complicated biological molecules 
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evolutionary process could be repeated and interfered 
with in known ways. This, as well as the present almost 
total lack of fossil data on genetic variation (from popu- 
lations living at earlier times), generates a strong desire 
for external evidence that can support the conclusions 
of genetic analysis. Fortunately, information from other 
sources can supply some clarification. The credibility 
of our conclusions can be greatly strengthened if these 
conclusions can be confirmed in the light of an inter- 
disciplinary approach. Results from genetic data should 
be compared with relevant knowledge from other fields, 
in particular, paleoanthropology, prehistory, history, the 
geographic and ecological setting, and the cultural evi- 
dence that comes indirectly from linguistic studies. We 
have considered such feedback an essential part of our 
analysis, and we have designed our book in order to sat- 
isfy this requirement. The remainder of this chapter is 
dedicated to an introduction to specific concepts, data, 
models, and methods. 


that perform a great variety of specific activities in the 
cells. A chromosome may contain, on the average, many 
thousands of genes, each made of thousands of bases. 

At cell division, DNA is replicated so that each of 
the two daughter cells generated by the division of one 
cell contains DNA that is practically identical to that 
of the parent cell, with very few errors in replication. 
Such errors are transmitted to the progeny because the 
new DNA is the master from which all future copies are 
made. Transmission error in the reproduction of DNA 
is called mutation. It may be the replacement of a nu- 
cleotide by another of the four, or the addition or dele- 
tion of nucleotides. Mutation may have trivial or seri- 
ous consequences for the whole organism, depending 
on the alteration in the function of the specific gene to 
which the altered DNA belongs. Mutation in the divid- 
ing cell of an organism made up of many cells, like 
humans, may lead to alteration of part of the organism, 
but it is not transmitted to descendants unless it occurs 
in germinal cells, or gametes. Gametes are dedicated 
to the production of individuals of the next generation, 
and mutations occurring in them can be passed on to 
progeny and thus have evolutionary consequences. The 
male (sperm) and female (egg) gametes contain only 23 
chromosomes. Reduction in number takes place by a 
very precise mechanism of random assortment of chro- 
mosomes so that each gamete receives only one mem- 
ber of each chromosome pair. The union of a sperm 
and an egg generates a new cell, a zygote, which again 
has 46 chromosomes, that is, 23 pairs in each of which 
one member is of paternal and the other of maternal 
origin (fig. 1.2.1). 
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Sperm (N) Egg (N) 


ZYGOTE (2N) 


Fig. 1.2.1 The mechanism of reduction of chromosomes 
by which gamete cells are formed. From the gamete 
cells, a fertilized egg cell (a zygote) develops. For sim- 
plicity, only one chromosome pair is represented. In 
humans, NV, the number of chromosomes per cell, is 23. 


Mutation results in a new gene that is slightly different 
from the old one; the two types are called alleles of that 
gene. In the first generation after mutation, there is only 
one individual in a given population carrying the new 
“mutant” allele. If the first individual carrying the mu- 
tation reaches the adult stage and has several offspring, 
there is a higher chance that the new allele originated 
by mutation will be found in later generations; however, 
many new mutations are lost in the first few generations. 
It is also possible that under the influence of evolution- 
ary forces described later a new allele will become more 
and more frequent, on the average, in succeeding gen- 
erations; and after many generations no copies of the 
old allele may be left in any of the individuals form- 
ing the population. This replacement of an old allele by 
a new one (the “fixation” of a new mutant) is the ele- 
mentary process of evolution. It may take a great num- 
ber of generations, on the average, tens or hundreds of 
thousands. 

Even if mutation is rare, there will be at least some 
dozens of different mutations in any gamete, considering 
all the many different genes it contains. The total number 
of nucleotides in a gamete is very large (3 billion), and 
the mutation rate per generation may be of the order of | 
in 200 million nucleotides. Most mutations will happen 
in different genes, but over time the same gene may be 
hit again by another mutation. In this way, many alleles 
of the same gene can arise and coexist in a population. 


When we detect the presence of two or more alleles of 
a gene in a population, we call the gene polymorphic. 
Polymorphisms produce the genetic markers used in all 
sorts of genetic studies, including evolution. The usual 
types of polymorphisms analyzed are summarized in the 
next section. 

Because all the cells of every individual have one (and 
the same) gene of paternal and one of maternal origin 
for each type of gene, some individuals may have re- 
ceived different alleles of a polymorphic gene from their 
parents. They are called heterozygotes, whereas individ- 
uals that received the same alleles from both parents are 
called homozygotes. The percentage of individuals that 
are heterozygous at one gene is the heterozygosity of the 
gene, which is the simplest measure of the degree of 
polymorphism for that gene. It is equal to zero if the 
gene is not polymorphic. 

Assuming that there are only two alleles, say M and 
m for a gene, an individual can be MM, mm (homozy- 
gous), or Mm (heterozygous). These are the three possi- 
ble genotypes, and if the three can all be distinguished by 
direct observation or by laboratory tests, then it is easy 
to determine the gene frequency of M or m. In fact, it 
is enough to count alleles. If there are, for instance, 


5 MM individuals, 
6 Mm, 
3mm 


on a total of 14 individuals then there are 2 x 5 = 10 
M genes in MM homozygotes and 6 in heterozygotes 
for a total of 10 + 6 = 16 M genes. There also are 6 
m genes from heterozygotes and 2 x 3 = 6 m genes in 
mm homozygotes, for a total of 6+ 6 = 12 m genes. 
Altogether there are 16 + 12 = 28 genes, or twice the 
number of individuals counted. The gene frequency of M 
is 16/28 = 0.57 (57%) and that of m is 12/28 = 0.43 
(43%). The sum of frequencies of all alleles of a gene 
is 1 (100%). 

It may be impossible to count genes directly. If MM 
individuals are indistinguishable from Mm, but both are 
different from mm, one cannot separately count individ- 
uals that carry two M or only one M. This phenomenon 
is known as dominance, and the types that we can dis- 
tinguish are called phenotypes, meaning distinguishable 
by appearance. Even if dominance makes it impossible 
to count MM and Mm individuals separately, under cer- 
tain conditions one can still determine gene frequencies. 
The major assumption is that the choice of mates is 
random for that particular gene. Let us call p the gene 
frequency of M; that of m is (1 — p) if there are only two 
alleles. Homozygotes for a given allele are expected to 
be present in a randomly mating population with fre- 
quency equal to the square of the gene frequency of 
that allele, that is, p* for MM, and (1 — p)* for mm. 
Heterozygotes are expected to be twice the product of 


the gene frequencies of the two alleles of which they are 
formed, in this case 2 p(1— p). Thus, the three genotypes 
MM, Mm, mm should have frequencies p*, 2 p(1 — p), 
(1— p)*. This rule is named after its discoverers, Hardy- 
Weinberg. It is easily extended to more than two alleles. 
We often must have recourse to this rule, but its validity 
is restricted to populations and genes for which mating 
is random (as discussed in sec. 1.7). In this book we 
do not give frequencies of genotypes or phenotypes, but 
only gene frequencies calculated directly from them by 
gene counting or by application of the Hardy-Weinberg 
rule. For traits that are conspicuous —like hair, skin and 
eye color, or height— mating is not random, and hence 
this rule would not apply. In any case, their genetic de- 
termination is usually unclear or complex. For further 
reading on these topics see Cavalli-Sforza and Bodmer 
1971a; Bodmer and Cavalli-Sforza 1976a; Christiansen 
and Feldman 1986. 

Our current evolutionary thinking is mostly in terms 
of gene frequencies and their changes. Genes, unlike 
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phenotypes, are essentially stable because mutation is 
rare; their frequencies are stable in time except for the 
evolutionary factors we consider later: mutation, migra- 
tion, selection, and random drift. Thus, the genetic study 
of evolution is essentially an analysis of the role played 
by these factors in observed changes. 

The study of gene frequencies restricts our analysis 
to the behavior of single points or very short segments 
of DNA. As we extend our knowledge, we will direct 
our attention more and more frequently to the structure 
of longer and longer segments. The longer a segment, 
the more polymorphisms for single points it can ac- 
commodate. The information will increase but so will 
its complexity. Long DNA sequences do not behave 
rigidly in evolution but can exchange segments. The ease 
with which the sequencing of DNA has recently become 
possible will make the direct study of long DNA seg- 
ments more and more commonplace, but most of our 
present data allow us little more than a point-by-point 
approach. 


1.3. TECHNIQUES FOR DETECTION OF POLYMORPHIC MARKERS 


Polymorphism refers to the presence of more than one 
allele of a gene in a population. Because we usually ob- 
serve relatively small samples in terms of numbers of 
individuals, we tend to call a gene polymorphic if the 
rarer allele is not too rare —say, not less than 1% —so that 
there is a good chance of observing a polymorphism in 
a sample of 100 individuals or more because this is the 
order of magnitude of most sample sizes. Examined at 
the highest resolution (the DNA level), almost all genes 
are highly polymorphic, but this expectation is unfortu- 
nately based on few data. It is well known that some 
DNA regions are much more polymorphic than others. 
It is more difficult to estimate the average individual 
variation at the DNA level. Very roughly, | in every 
500 nucleotides, on the average, differs in two chromo- 
somes taken at random from a population, and therefore 
also in the two members of a chromosome pair of a ran- 
dom individual. Because genes are usually made up of 
many thousands of nucleotides, every gene is likely to 
be polymorphic if fully analyzed. We know, however, 
that some DNA segments—in particular, those coding 
for proteins—are much more highly conserved in evo- 
lution than others, and therefore we can expect them to 
show much less individual variation than others. 

Polymorphic genes are caught in the middle of a tran- 
sition from the first appearance of a mutation to its likely 
final event, fixation or extinction. This is a long pro- 
cess, and most of the time we cannot say which of two 
alleles is the older and which the newer (the “mutant,” 
by definition). In the human species we can obtain some 


information on this point by looking at the presence of 
one or the other allele in the nearest species, chim- 
panzees or gorillas. Whether or not we know the re- 
mote history of polymorphisms, however, they provide 
us with pointers to the variation of specific chromosome 
segments. In this sense they are genetic markers and 
thus our door to the understanding and measurement of 
genetic variation. 

The markers we analyze are conveniently classified by 
the technique used for detecting them and the tissues to 
which they apply. Polymorphisms can be found in al- 
most any cell or biological fluid, but blood is by far 
the favorite because it is most easily obtained and gives 
the greatest opportunities for detecting them. The list of 
markers analyzed on a geographic basis sufficiently wide 
for our purpose is given in table 1.3.1. The most impor- 
tant categories of genetic markers are the following. 


Blood groups. Blood groups are detected in red 
blood cells by immunological techniques. Substances at 
the surface of red cells act as antigens; that is, they deter- 
mine the production of antibodies when injected in other 
individuals of the same or a different species. Antibodies 
are proteins (immunoglobulins), potentially produced by 
every individual, but only in large amounts when the 
organism is stimulated with the specific antigen. Anti- 
bodies also react specifically with antigens in test tubes 
in ways that can be easily made visible. The first system 
of “blood groups” discovered were called ABO, A and B 
being the antigens on the surface of red cells with which 
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Table 1.3.1. Genetic Markers Selected for Use in This Book because Adequate Data Are Available for 


Many Populations 
Chromosome 
Name of Locus Symbol Location Alleles Used 
ABO blood group ABO 9q34.1-34.2 A, B, O, A1, A2 
Acid phosphatase 1 ACP1 2p25 A, B, C 
Adenosine deaminase ADA 20q13.11 1 
Adenylate kinase 1 AK1 9q34.1-34.2 1,2 
Alkaline phosphatase placental ALPP 2q37 S1, Fi 
a-1-antitrypsin PI 14q32.1 M, F 
B lipoprotein, Ag system AG X 
B lipoprotein, Lp system LPA 6q26-27 Lp(a+) 
Ceruloplasmin CP 3q23-25 A 
Cholinesterase 1 CHE1 3q26-qter U 
Cholinesterase 2 CHE2 2q + 
Complement component 3 C3 19p13.3-13.2 S, F 
Diego blood group DI A 
Duffy blood group FY 1q21-25 A, B, O 
Esterase D ESD 13q14.1-14.2 1 
Glucose-6-phosphate dehydrogenase G6PD Xq28 A-, B-, def 
Glutamic-pyruvate transaminase GPT 8q24.2-qter 1 
Glycine-rich B-glycoprotein; factor B BF 6p21.3 S, F, F1, S0.7 
Glyoxalase | GLO! 6p21.3-21.1 1 
Group-specific component GC 4q12-13 1, 1F, 1S, 2 
Haptoglobin HP 16q22.1 1, 1F, 1S, 2 
Hemoglobin, a HBA 16p13.3 
Hemoglobin, B HBB 11p15.5 
Hemoglobin, 5 HBD 11p15.5 
Hemoglobin, y HBG 11p15.5 
HLA-A histocompatibility type HLAA 6p21.3 1,2, 3, 9, 10, 11, 28, 29, 30, 
31, 32, 33 
HLA-B histocompatibility type HLAB 6p21.3 5, 7, 8, 12, 13, 14, 15, 16, 
17, 18, 21, 22, 27, 35, 37, 
40, 41 
Immunoglobulin’ GM1; GM3 IGHG1G3 = 14q32.33 za;g 
Zax;g 
f;b0b1b3b4b5 
Za;b0b1b3b4b5 
Za;b0b1c3c5 
Za;b0b1c3b4b5 
Za;bOstb3b5 
fa;b0b1b3b4b5 
2x9 
Za;bOsb3b5 
Immunoglobulin KM (Inv) IGKC, KM 2p12 1&1,2 
Kell blood group KEL K, k, Kpa, Jsa 
Kidd blood group JK 18q11-12 A, B, O 
Lactate dehydrogenase LDH A & B variants 
Lewis blood group LE 19 Le, le, Le(a+) 
Lutheran blood group LU 19q12-13 A 
Malate dehydrogenase MDH1 2p23 1 
MNS blood group MNS 4928-31 M, N, S, s, SY, MS, Ms, NS, 
Ns, He 
P P1 22q11.2-qter 1 
Peptidase A PEPA 18q23 1 
Peptidase B PEPB 12q21 1 
Peptidase C PEPC 1q42 or 1q25 1 
Phenylthiocarbamide tasting PTC T 
Phosphoglucomutase 1 PGM1 1p22.1 1 
Phosphoglucomutase 2 PGM2 4p14-q12 1 
Phosphogluconate dehydrogenase PGD 1p36.2-36.13 A, C 
Phosphoglycerate kinase 1 PGK1 Xq13 1,2 


(continued) 


i oa ne ery 


Table 1.3.1 (continued) 


Rhesus blood group RH 
Secretor 

Superoxide dismutase 1 SOD1 
Transferrin TF 


FUT2(SE) 
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1p36.2-34 D, C, E, D4, C“, CDE, CDe, 
CdE, Cde, cDE, cDe, 
cdE, cde, V 

19q Se 

21q 22.1 1 

3q21 C,D 


“The GM markers also appear in the numeric notation. The correspondence between it and the alphanumeric notation 


we use will be found in Steinberg and Cook (1981). 


anti-A and anti-B antibodies combine, respectively. An 
individual may carry the A antigen, the B antigen, both, 
or neither. Thus, four groups of individuals are defined 
and can be unequivocally tallied (fig. 1.3.1). Individu- 
als of the same ABO blood group show the same re- 
actions to the testing reagents employed and can also 
exchange red cells by transfusion without adverse con- 
sequences. The detection of the ABO system and its in- 
heritance predates World War I. Many other blood-group 
systems were detected after ABO, of which only a few 
(especially RH; Landsteiner and Wiener 1940; Levine 
and Stetson 1939) are important in clinical practice. RH 
(formerly Rh) has a large number of alleles and is prob- 
ably a family of adjacent genes. In addition to ABO and 
RH, MN blood groups and a few others are very widely 
studied. 


Protein electrophoresis. Proteins, the main product 
of genes, move in an electric field with mobility that 


Blood Anti-A Anti-B 
Group 


AB 


Fig. 1.3.1 Reactions of red blood cells of O, A, B, 
and AB individuals to anti-A and anti-B reagents. 


depends on their surface electric charge, which in turn 
depends on their chemical structure. The main polymor- 
phisms studied are those of proteins present in the liq- 
uid part of blood (serum or plasma) or in red blood 
cells. The first detection of a blood protein polymor- 
phism was that of hemoglobin (Pauling et al. 1949), 
showing the molecular nature of the mutation leading to 
sickle-cell anemia. Abundant serum proteins (e.g., hap- 
toglobin) were found to be polymorphic soon thereafter. 
Proteins active as specific catalysts in biochemical reac- 
tions (enzymes) are usually present in the blood in small 
concentrations. When it was learned how to uncover en- 
zymes through very sensitive and specific staining reac- 
tions, enzymes provided the first statistical evidence that 
polymorphisms are much more common than earlier be- 
lieved. This was discovered simultaneously in humans 
and in Drosophila in 1966 (Harris 1966; Lewontin and 
Hubby 1966). An example of a two-allele variation de- 
tected by electrophoresis is given in figure 1.3.2. 


Human lymphocyte antigens. A precious addition to 
the arsenal of genetic tools has been that of human lym- 
phocyte antigens, HLA (in vertebrates known as MHC, 
major histocompatibility complex). These are proteins 
located on the surface of white blood cells, which par- 
ticipate in the formation of antibodies and have practi- 
cal importance for organ transplants. Work started in the 


Sickle-cell 
trait 


Sickle-cell 
anemia 


Fig. 1.3.2 Electrophoresis of a protein (hemoglobin) in 
which two alleles are detected as bands running at different 
speeds in the electric field. A homozygote (AA or SS) 

has only one band; the heterozygote (AS) has both. 
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early 1960s on this superfamily of genes has shown it 
to be almost as polymorphic as all the rest of non-DNA 
markers together and has generated the most informative 
single genetic system known today. 


Immunoglobulins. Variants of the immunoglobulins 
(GM, KM, AM, etc., formerly, Gm, Km, Am, etc.) found 
in plasma or serum are tested by special immunological 
techniques and provide a rich source of genetic varia- 
tion. Immunoglobulins are the usual “‘antibodies.’”’ Other 
protein variants are also tested by similar immunological 
techniques. 


Other polymorphisms. There are a few other poly- 
morphisms detected phenotypically by specific tech- 
niques (immunodiffusion, often done for lipopro- 
teins, immunoelectrophoresis, autoradiography, etc.). A 
widely studied one, tested by tasting a substance called 
phenylthiocarbamide (PTC) has long been suspected to 
have irregular inheritance. A recent reanalysis (Reddy 
and Rao 1989) indicates penetrance of the heterozygote 
is incomplete and there might be a small contribution 
by polygenes. Gene frequencies of this widely studied 
marker may be slightly incorrect, therefore, but it would 
have been difficult to exclude it at this stage; we believe 
the approximation arising from its inclusion 1s likely to 
be negligible. 

All the above markers reveal variation at the level of 
proteins or protein products. They were discovered some 
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time ago and are the only ones for which information is 
abundant. In general, the longer the time since discovery, 
the more data at the geographic level are available (fig. 
1.3.3), with exceptions tied to the practical difficulties 
of testing some of them. 


DNA polymorphisms. In the future one can expect a 
sharp rise of information on variation of polymorphisms 
detected by direct study of DNA. At the moment, data 
on DNA markers are minimal for many world popula- 
tions. (They are reviewed briefly in sec. 2.4 in chap. 2.) 
A method used for DNA study at the population level is 
restriction analysis. Restriction enzymes cut DNA at spe- 
cific sites, short segments defined by sequences of usu- 
ally four, six, or (rarely) more nucleotides (“restriction 
sites”). A mutation in these sequences will prevent cut- 
ting; other mutations may generate new restriction sites. 
DNA fragments resulting from restriction of the DNA of 
an individual are electrophoresed and thus separated ac- 
cording to size. Those belonging to a region under study 
are revealed specifically by binding to DNA “probes,” 
human DNA segments from the chromosome region of 
interest, cultivated in bacteria and especially prepared by 
attaching radioactive or other labels that allow their de- 
tection. A polymorphism appears as variation of labeled 
fragment sizes in different individuals (fig. 1.3.4) and 
is called RFLP, or restriction fragment length polymor- 
phism. By this technique, hundreds of thousands, and 
perhaps millions, of polymorphisms can be detected; to 


Fig. 1.3.3 Year of discovery of major 
genetic markers (abscissa) and number 
of observations in our data base. 
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Fig. 1.3.4 DNA polymorphisms using restriction enzyme 
Dral of the CD8 gene detected by restriction-fragment- 
length analysis. Alleles of 3.3 and 2.2 Kb of gene CD8 
behave as codominant Mendelian traits. DNA was digested 
with the restriction enzyme Dral, fractionated by agarose-gel 
electrophoresis, transferred to a nylon support by Southern’s 
method (1975), and hybridized with a radiolabeled cDNA 
probe that detects the CD8 gene. 


1.4. THE EVOLUTION OF GENE FREQUENCIES 


In this section we give a very elementary introduction 
to population genetics for readers who have no back- 
ground in genetics. More complete introductions can be 
found elsewhere (Crow and Kimura 1970; Cavalli-Sforza 
and Bodmer 1971a; Bodmer and Cavalli-Sforza 1976a; 
Christiansen and Feldman 1986; Nei 1987; Hartl and 
Clark 1989; Weir 1989). 

Gene frequencies change over time. Mutations supply 
the raw material by generating new alleles and even 
new genes, when whole regions are duplicated. Thus, 
mutation is a key ingredient of evolution. Without it, 
evolution would soon come to a standstill. But a specific 
mutation very rarely reoccurs in an individual other than 
the first, and thus the rate of recurrence of the same 
mutation has little effect on the overall rate of evolution 
of a particular mutation. Rather, its fate depends on 
the other three evolutionary forces, migration, natural 
selection, and random genetic drift, all of which can 
affect the gene frequency of an allele present in a popu- 
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date, more than 2,000 probes showing polymorphism are 
available. 

DNA sequencing is the ultimate method of analysis, 
but existing sequences are almost always limited to one 
or few individuals. Powerful techniques (in particular, 
PCR, the polymerase chain reaction) (Erlich 1989) make 
the tests of known polymorphic nucleotide replacements 
and the sequencing of DNA segments much faster and 
more sensitive. PCR uses the capacity of DNA to be 
multiplied indefinitely by DNA polymerase, and a sin- 
gle DNA molecule can be amplified at will, usually with 
little error. One of the major novelties made possible 
by PCR is the analysis of very old samples in which 
small amounts of DNA are still left and are not too 
badly damaged. Some encouraging results have been 
described (Paabo et al. 1989). Old samples have also 
been tested a number of times for non-DNA polymor- 
phisms, in particular ABO; results are usually unsatis- 
factory, mostly because many individuals give uncertain 
reactions. 

There are textbooks on blood-group polymorphisms 
(Race and Sanger 1975) and on protein and enzyme 
polymorphisms (Giblett 1969; Brock and Mayo 1978; 
Harris 1980). They were published a few years ago, but 
work on these lines has been slower in recent times. 
Summaries on HLA are found in a collection of sym- 
posia and workshops called Histocompatibility Testing. 
A list of all available DNA polymorphisms appears 
yearly in the publications of the Human Gene Mapping 
workshops. 


lation. The first two drive gene frequencies in specific, 
and to some extent predictable, directions; of the two, 
natural selection has special importance in determining 
the future of a species. It is the only evolutionary factor 
that has direct adaptive consequences, because it is the 
automatic process sorting out and favoring useful muta- 
tions while eliminating deleterious ones. It thus makes 
the functional improvement of living organisms possible. 
Drift is nondirectional because it is the effect of random 
sampling of a gamete at each generation, and does not 
have any simple adaptive consequences. Like drift, mu- 
tation is random but may have different probabilities in 
different directions. 

Natural selection is the automatic choice of “fitter” 
types, which can eventually make an initially very rare 
type, a single mutant, the most common in a population, 
provided it is advantageous to the individuals carrying it. 
The complex adaptations we observe in living organisms 
would have essentially zero probability of spreading to 
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whole populations and species by mere chance. Natural 
selection is responsible for these extraordinary functional 
adaptations and the complex mechanisms responsible for 
them. Before Darwin, and after him for people who have 
not really grasped the power of natural selection, these 
adaptations have often appeared, understandably, as the 
product of design, and hence of intelligent creation. Un- 
der closer scrutiny, biological adaptations are wonderful 
but clumsy, like the result of “tinkering” (Jacob 1977), 
the accumulation of useful mechanisms not by design, 
but by trial and error, in a historical process, dictated 
by the chances of spontaneous mutations happening at 
particular times and places. When mutations offer ac- 
ceptable solutions to the needs of organisms, they are 
adopted via natural selection. But they inevitably set later 
constraints on the further evolutionary process (see, e.g., 
Crick 1988). 

Seen at the most elementary level, natural selection is 
simply the automatic enrichment of populations in ge- 
netic types that produce more descendants, and impover- 
ishment in those that produce fewer. The rate of change 
under natural selection can be predicted on the basis of 
the numbers of descendants of each genetic type, strictly 
speaking, the number of children reaching sexual matu- 
rity. This number is called Darwinian fitness and is based 
on demographic parameters like survival and fertility. It 
is usually expressed in a relative scale, comparing two 
Or more phenotypes or genotypes in the same popula- 
tion. On the basis of Darwinian fitness of two genetic 
types, one can predict which type, if any, will prevail 
in the end, and the rate of the process of change in 
gene frequencies, provided fitnesses do not change over 
time. 

Natural selection acts directly only on phenotypes, 
but it acts on genotypes in an indirect fashion, de- 
pending on the extent to which the phenotype is de- 
termined by the genotype. Its genetic effect is thus dic- 
tated by the correspondence between the genotype and 
the phenotype. Phenotypes are chosen or discarded by 
natural selection, but the phenotypes on which selec- 
tion acts are not necessarily the same that seem super- 
ficially “‘fitter” to us. Moreover, natural selection may 
differ in different environments. As an example, there 
are three phenotypes corresponding to the three geno- 
types for the sickle-cell gene: AA, AS, SS. The last of 
the three is severely sick and often dies from sickle- 
cell anemia. One would expect the gene S to be rapidly 
eliminated (in fact, it usually is, but not under all con- 
ditions). The situation is quite different in the presence 
of malaria, the great killer in tropical and subtropical 
environments. 

By electrophoresis of hemoglobin or by DNA analy- 
sis, we can distinguish all three sickle-cell genotypes, 
whereas simpler laboratory tests separate only the first 
from the other two. In addition to ensuring the poor sur- 


vival of the SS genotype, natural selection also acts at an- 
other level: in certain malarial environments, AA individ- 
uals survive less well than AS, whereas in nonmalarial 
environments no selective difference is noted between 
these two genotypes. This classic example shows that 
natural selection may well change in different environ- 
ments. It also shows a peculiar evolutionary behavior in 
that, under environmental conditions favoring the spread 
of a certain type of malarial parasite (Plasmodium falcip- 
arum), the heterozygote is at a selective advantage over 
both homozygotes. The evolutionary outcome of natural 
selection in favor of the heterozygote is the stabilization 
of the frequencies of both alleles A and S at an equilib- 
rium value usually near 90% A and 10% S; thus, neither 
allele becomes fixed, but the allele with higher fitness 
as a homozygote retains a correspondingly higher fre- 
quency. In the case of sickle cell, the anemia observed 
in the SS homozygote is devastating and is especially 
bad in the presence of malaria. Under such conditions, 
the SS genotype is about 10 times less viable than the 
AA genotype, and the allele frequencies at equilibrium 
in the presence of malaria tend to stay close to a simi- 
lar ratio, 10 A versus | S. Thus, a heterozygous advan- 
tage determines a balanced or stable polymorphism. It 
is likely, however, that many other polymorphisms we 
observe are not stable, but their frequencies are slowly 
changing in time. 

In the absence of heterozygous advantage, the allele 
favored by natural selection will eventually prevail and 
the other or others will be eliminated. The time taken 
by the selective process to reach this goal depends on 
the strength of selection, as measured by relative Dar- 
winian fitnesses of the competing genotypes. These are 
often expressed as selective coefficients, s, which are 
percentage differences between the Darwinian fitness of 
a given genotype (or phenotype) and the Darwinian fit- 
ness of a genotype (or phenotype) taken as reference. If 
the heterozygote has a Darwinian fitness exactly between 
that of the two homozygotes, the formula for calculating 
the time f in generations necessary for an advantageous 
gene to increase from a gene frequency go to (1 — go) is 
especially simple: 


t = logl[qo/( — qo)]/s, 


where log is the natural logarithm. This formula assumes 
that selection remains at the same level all the time. 
Naturally, one can think of many other models in which 
selection varies in space or time, and in many other 
ways; the present model is the simplest. 

Taking, for example, go = 0.01 such that ¢ is the time 
required to go from q = 1% to q = 99%, and express- 
ing the time in years (with 25 years per generation), 
the formula predicts that the spread to the population of 
the advantageous gene will take the following number of 


years, given the selection coefficient s: for s = 0.1%, 
115,000 years; 0.3%, 38,300 years; 1.0%, 11,500 years; 
3.0%, 3800 years; 10.0%, 1150 years. 

Unfortunately we know very little about the selection 
coefficients that prevail in human evolution, because it 
is difficult to measure them. It would be necessary to 
observe an impossibly large number of individuals, es- 
pecially if s is small. A selection coefficient of 10% is 
very large, and values of this order of magnitude have 
been measured in the case of the advantage of the het- 
erozygote for sickle-cell anemia versus the normal ho- 
mozygote in the presence of malaria, as well as for other 
similar cases of genetic resistance to malaria, such as 
thalassemia. Another gene for which a selection co- 
efficient of the advantageous type has been estimated 
is that for lactose tolerance, the capacity of an adult 
to digest the milk sugar, lactose (practically all young 
individuals digest lactose until 3-4 years of age). Its 
frequency varies considerably between populations, be- 
ing very low where adults do not use fresh milk, and 
50%-100% where they use large amounts. The eval- 
uation of this selection coefficient is based on the 
length of time since bovines and ovines were do- 
mesticated and fresh milk thus became available for 
consumption. 

In a previous estimation that did not take into account 
the interaction between cultural transmission of the cus- 
tom of drinking milk as an adult and genetic transmis- 
sion, the selection coefficient for lactose tolerance was 
estimated at minimally 15 %-3% (Bodmer and Cavalli- 
Sforza 1976a). Considering the cultural transmission of 
milk consumption, the selection coefficient must be at 
least 10% (Feldman and Cavalli-Sforza 1989). 

Other genes also showing great differences between 
populations are those that control immunoglobulin types, 
perhaps because they involve differential resistance to in- 
fectious diseases, the incidence of which varies widely 
in different parts of the world. There is no direct estimate 
of selection coefficients for these genes. One can venture 
a guess since these genes are among those showing the 
greatest differences in frequencies between human popu- 
lations, and these differences must have evolved over the 
last 50,000—100,000 years. From the data given above, 
it is likely that the selection intensities involved were ex- 
pressed by s values very rarely greater than 1%. These 
are the highest selection coefficients likely to be affecting 
favorable genes in human populations. There is, how- 
ever, very strong selection against deleterious genes de- 
termining serious diseases and early deaths. 

Random genetic drift (also called drift) is the fluc- 
tuation of gene frequencies from one generation to an- 
other as a result of random sampling of gametes (sperm 
and egg cells). The transition from one generation to 
another is effected by gametes. The adults participat- 
ing in the production of offspring, and the gametes made 
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by them and used for this purpose completely determine 
the gene frequency of the next generation (Cavalli-Sforza 
and Bodmer 1971la). When a population is small, the 
total number of gametes involved in forming the next 
generation is also small and subject to a large sam- 
pling deviation that depends on the total number of par- 
ents contributing to the next generation. Qualitatively, 
in a small population, the gene frequency may fluctuate 
wildly from one generation to the other; whereas in a 
large one, it will be more stable, and stability increases 
with population size. The effects of drift also accumulate 
in time, because the gene frequency of a generation is de- 
termined entirely by the gene frequency of the preceding 
generation, without memory of earlier gene frequencies. 
As a result, deviations caused by sampling increase over 
time, and the gene frequency of a population may even- 
tually become 0% (extinction of the allele) or 100% (fix- 
ation). In fact, fixation or extinction are the inevitable 
fate of an allele if drift continues long enough, irre- 
spective of population size; but the process takes much 
longer in large populations, on the average, in propor- 
tion to population size. Figure 1.4.1 shows computer 
simulations with three different numbers of individuals 
and three different initial gene frequencies. In the two 
cases with the smallest population sizes and in one with 
an intermediate one, the rarer allele was lost after a few 
generations. 

The census size of a human population cannot be taken 
directly as an estimate of the N value in the simplified 
model used for figure 1.4.1, which, as in virtually all 
theoretical treatments, is that of a population reproducing 
synchronously. What matters in practice is the number of 
active parents, and because about only one-third of the 
individuals in a real population are of parenting age, the 
“effective population size” Ne, corresponding to that of a 
synchronously dividing population is approximately one- 
third of the census size. More accurate estimates may be 
made but are usually not necessary. 

It is interesting to compare the consequences and to 
consider the interactions of drift with the other evolu- 
tionary factors. The effectiveness of drift depends on 
demographic factors: we have seen the importance of 
population size in figure 1.4.1. Migration also strongly 
affects and in general reduces the consequences of drift, 
and we consider it later. It is worth stressing that drift 
affects all genes in a quantitatively similar way, though 
it affects each randomly and independently of other 
genes, in the sense that a small population will have 
high drift fluctuations for all genes, whereas a large one 
will have very little drift, but again for all genes. By 
contrast, natural selection affects each gene in a unique 
way; we may anticipate, however, that many of the 
genes we study seem totally unaffected by selection, 
that is, they are selectively neutral. All genes are subject 
to the effect of drift, and even a mutation favored by 
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Fig. 1.4.1 Effect of population size on drift. Simulation 
experiments at three different initial gene frequencies 
(90% , 50%, 10%) with: A, N = 20 individuals; 

B, N = 100; C, N = 2500. 


selection may be lost because of drift. This can happen 
with a fairly high probability in the first generations after 
its appearance by mutation while it is still rare; it is 
then more strongly exposed to chance effects, almost 
as strongly as a gene unaffected by selection. However, 
after an initial period, as soon as the favorable alleles 
have reached a higher frequency, drift will have little 
effect on the selective process of genes that are at an 
advantage. 

A mutation that has just occurred is exposed to a fate 
that depends largely on its effect on the carrier. If this 
is unfavorable, it will be soon eliminated, together with 
the carrier or carriers; if favorable, it will increase and 
may ultimately become fixed, although at the beginning 
there may be some uncertainty on account of drift, as 
we have seen. If the mutation is selectively neutral, only 
drift will matter, and its final fate is either extinction 
or fixation. Extinction is much more likely, and there is 
a great probability that a new mutation will disappear 
in a few generations. But there is a small probability 
that it will survive and may eventually be fixed under 
drift alone, fixation taking, on the average, a long time 
that increases with increasing population size. One 
might superficially deduce that the pressure of new muta- 
tions will have very little effect, per se, on the pro- 
cess of evolutionary change. However, this conclusion, 
which was popular for some time, has been shown to 
be wrong. A population is made up of many individuals, 
all of which are exposed to mutation, and _ this 
counterbalances the rarity of mutations. In fact, it has 
been proved theoretically that the rate of neutral evo- 
lution—that is, under mutation and drift alone, with- 
out selection—equals the mutation rate (Kimura 1968, 
1983). 

The relative number of amino-acid differences of the 
same protein in two different species increases with the 
time of evolutionary separation between the two species 
(suggested by geological data). From such numbers one 
can calculate the rate of molecular evolution. For a given 
protein it is approximately constant, and there are rea- 
sonable explanations for the rate differences observed 
between proteins. Similar considerations can be ex- 
tended to the evolutionary rates of DNA. Kimura noted 
that evolutionary rates thus calculated are comparable in 
order of magnitude to mutation rates, and this was one 
of the arguments for proposing that changes observed 
in molecular evolution are mostly or almost exclusively 
due to selectively neutral mutations. It is clear that disad- 
vantageous mutations are not uncommon and are fairly 
rapidly eliminated, but they can be disregarded for this 
purpose at least at a first approximation; the real ques- 
tion is the relative importance of advantageous mutations 
versus neutral ones, because these are the only two types 
of mutations that are fixed in evolution. There must be 
favorable mutations, or adaptation would not occur, but 


the analysis suggests that they are indeed rare with re- 
spect to essentially neutral ones. 

Kimura’s theory that molecular evolution is mostly due 
to neutral mutations was initially met with strong skep- 
ticism by many, but evidence in its favor has accumu- 
lated (Kimura 1983). In DNA and protein regions of 
vital importance for function, one finds perfect—or al- 
most perfect—conservation; that is, variation does not 
occur between individuals and occurs only rarely be- 
tween species. This indicates strong selective control 
against changes that would be deleterious; it also shows 
that evolutionary improvement in this region is rare or 
absent. However, variation is quite common in chromo- 
some regions that are not of vital importance. A clear 
example is the variation observed, for instance, in pseu- 
dogenes, which are derived from duplications of active 
genes but are completely inactive. The gene function is 
maintained by the active gene, but the inactive copy is 
not directly exposed to the action of natural selection. If 
we compare the variation of a pseudogene with that of 
the corresponding active gene, we find a great difference: 
unlike the active gene, which is under selective control, 
the pseudogene can freely accumulate all the variation 
that can be produced and fixed in evolution when there 
is no control by natural selection. Thus pseudogenes are 
under the influence of mutation and drift alone and can 
be observed to be about 5 times more variable between 
species than a functioning gene (Li and Graur 1991). 
Clearly, the active gene is evolutionarily more stable be- 
cause natural selection weeds out all unfavorable mu- 
tations. 

All considerations made thus far apply to closed pop- 
ulations that do not receive migrants. The species is, 
by definition, a population closed to migration from 
other species, but sections of a species can undergo 
cross-migration. In fact, practically all populations ex- 
change individuals with other populations of the same 
species and such “migration” usually shows strong de- 
pendence on distance: the shorter the geographic dis- 
tance, the higher the migration rate. Physical obstacles 
like mountains and rivers can further reduce migrational 
flow, and routes and means of transportation increase it. 
Because intercontinental travel began around a.p. 1500, 
we limited our study to aboriginal populations, those 
that were in place before that date; intercontinental trans- 
portation has subverted the earlier patterns of migrational 
flow. 

It is useful to consider two different types of migra- 
tion: (1) the relocation of individuals or small clusters, 
like families, leaving one group of individuals—a vil- 
lage, a town, a city—and moving to another, and (2) 
the relocation of groups, usually larger, moving to new, 
often uninhabited, territory (Cavalli-Sforza 1973). The 
first is very frequent and takes place mostly at short dis- 
tances, generating a continuous internal mixing of pop- 
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ulations. The second is rare, but can sometimes cover 
large distances. The second type was responsible for the 
occupation of large regions and whole continents. We 
call the first type individual migration and the second, 
mass migration or colonization, when the distinction is 
necessary. 

The classical results of drift referred to above are given 
for closed isolated populations that receive no immi- 
grants. The migratory exchange of individuals between 
these populations tends to buffer the effects of drift, the 
more strongly, the greater the fraction of immigrants re- 
ceived by a population per generation, m. Knowing ef- 
fective population size Ne and m, assumed constant per 
generation, one can evaluate the reduction of drift caused 
by migration. The quantity Nem is an index of the de- 
gree of relative genetic isolation of a population made 
up of VN. individuals and receiving a proportion m of im- 
migrants. It allows one to take into account the joint ef- 
fects of drift and migration. The larger Nem, the smaller 
the fluctuations of gene frequencies expected over time 
or Over space, that is, between neighboring populations 
examined at the same time. Simple as it seems, this 
quantity is not always easy to estimate, especially for 
larger populations with a complex structure. 

In the colonization of a new territory the “founders” — 
that is, the first colonizers—are sometimes few. They 
may therefore have an important effect on the subsequent 
history of the population, and the same will be true of 
every other demographic bottleneck that may occur at a 
later time. The phenomenon is especially prominent in 
the colonization of small islands, but is also observed 
in isolates, populations that do not mix with neighbors 
for social and/or geographic reasons. Extreme cases have 
been well documented in a few religious isolates like the 
Amish (Bachman 1961) and Hutterites (Hostetler and 
Huntington 1980) in the United States or the Samari- 
tans in Israel (Bonné-Tamir, in prep.). Some investiga- 
tors prefer to distinguish between drift and “founders’ 
effect,” as if they were two different phenomena (Bell- 
wood 1979), but founders’ effect is clearly only an 
episode of drift. Given the slow rate of human repro- 
duction, an initially small population will remain rela- 
tively small for a certain number of generations there- 
after, increasing the total drift effect over and above that 
resulting from the small number of founders. Many rare 
alleles are usually eliminated in these processes because 
they were either absent among the founders or were lost 
in later generations. If founders were few or there were 
strong bottlenecks, rare alleles that happen to be present 
at the beginning and survive until later will eventually 
be found at higher frequencies in comparison with other 
populations. It is especially easy under these conditions 
to find that one or more genetic diseases have become 
very frequent in the island or “isolate,” whereas others 
have completely disappeared. 
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The colonization of large new territories, including 
those of uninhabited or scarcely inhabited continents or 
large regions, are of special importance for the history of 
human evolution. When conditions are favorable to the 
growth of the migrants and exchanges with the parental 
population are limited or absent, these colonizations are 
major examples of fissions. In this process a sample from 
the parental population generates, by a sort of budding, 
a new population that expands to occupy the space avail- 
able to the degree of saturation compatible with the new 
environment and the available food technologies. When 
aborigines were present in sufficient numbers in the areas 
to which migrants were directed, there could be impinge- 
ment, intermingling, or the formation of new population 
boundaries between earlier settlers and newcomers on 
account of linguistic, geographic, and ecological isola- 
tion. Often relics of more or less unmixed aborigines 
may remain for as long a time as isolates in refugia. 

Clearly, mass migration offered many chances for the 
formation of new groups that became separated from the 
original population and had the opportunity to begin di- 
verging from it. Often this has brought in contact groups 
showing substantial genetic differences, which may have 
maintained their individuality but may also have ex- 
changed immigrants in one direction or both. When mi- 
gration takes place prevalently in one direction (from one 
group to another) it is often referred to as gene flow. 

It is characteristic of both individual and mass migra- 
tion that all genes are equally interested in the exchange. 
It is also true of drift that all genes are affected with equal 
intensity, but each in an unpredictable direction, whereas 
in migratory exchanges all genes are affected in parallel, 
predictable ways. One can evaluate the extent of gene 
flow into a population when the gene frequencies of the 


parental populations are known or can be estimated with 
reasonable assurance. 

Technological innovations have frequently deter- 
mined local population growth. Sometimes the inno- 
vations (e.g., new food technologies or easily produced 
weapons) may have rapidly diffused to neighbors, af- 
fecting them in a similar way, and little if any genetic 
variation was determined. But if such innovations were 
complex and depended on specific social structures, 
their diffusion under exclusively cultural contacts may 
have been slow or impossible. Once the growth of the 
new population oversteps the limits of local population 
density compatible with the new. conditions, it usu- 
ally determines outside migration, often to the nearest 
possible place. Cycles of local demographic increase 
followed by migration can, in the long run, cause major 
geographic expansions of an initially small population. 
Such processes generate population expansions com- 
parable to those that can take place in the occupation 
of uninhabited, or less densely inhabited, continents or 
large areas. All these processes have had an important 
role in the construction of the present genetic picture of 
populations and will be discussed in more detail below 
(sec. 2.7). Under these different mechanisms of evo- 
lution, gene frequencies have varied from population 
to population, and one of our tasks is to use modern 
geographic and ethnic variation for the purpose of re- 
constructing various aspects of this history. Using terms 
common in anthropology, the problem is that of inferring 
diachronic variation on the basis of the synchronic vari- 
ation. Obviously, there are limits to the extent to which 
this is possible in the absence of fossil data. Continuous 
cross-checking with independent sources of evidence is 
the best insurance that conclusions are correct. 


1.5. CLASSICAL ATTEMPTS TO DISTINGUISH HUMAN “RACES” 


The study of human “races” dates to antiquity. The 
existence of conspicuous differences between humans 
of diverse geographic origins must have been a familiar 
sight to the first long-distance travelers. The father of 
Greek history, Herodotus (fifth century B.c.), gives the 
name, geographic location, customs, and physical ap- 
pearance of a great number of people, mostly around the 
Mediterranean. He is the father not only of history, but 
also of anthropology (Myres 1953). Sometimes the in- 
formation he gives us is clearly legendary or mixed with 
tales and superstitions, but at other times he has been 
vindicated by modern archaeology. When he lists the 
ethnic groups contacted by the Greek traveler Aristeas at 
the extremes of the Central Asian steppes, one is tempted 
to recognize proto-Mongolian nomads in some of them. 

Egyptians and Phoenicians were certainly aware of the 
existence of sub-Saharan African populations. The Ro- 


man empire was in contact with Africans, Indians, and 
indirectly, by trade, with East Asians. The Roman natu- 
ralist Pliny the Elder (first century A.D.) had a naive ex- 
planation of the physical differences between Africans 
and Europeans, which he thought were a direct conse- 
quence of the climate. The Roman poet Lucretius (first 
century B.c.) had a more subtle approach to evolution that 
anticipated the idea of natural selection. But for Pliny, 
Africans are “burnt by the heat of the heavenly body 
near them, and are born with a scorched appearance, 
with curly beard and hair”; while in the north, being far 
from the sun, “the races have white frosty skins, with 
yellow hair that hangs straight” (Rackham 1979). 
Although taxonomic ideas and examples, biological 
or not, go back mostly to Aristotle (fourth century B.c.), 
serious attempts at a classification of human races had to 
wait for substantial geographic knowledge. This became 


common only in the eighteenth century when interest 
in the classification of animals and plants was already 
flourishing. A definition of the species of living beings 
was given by John Ray (1627-1705) and is basically the 
same that we follow, namely, a group of individuals that 
can interbreed. 

One of the first naturalists who discussed human vari- 
ation, the Frenchman George Leclerc comte de Buffon 
(1707-1788), was a pioneer evolutionist whose work is 
said to have influenced Lamarck. Buffon used a defi- 
nition of species very similar to Ray’s, but he probably 
reached it independently. He clearly stated his conviction 
that humans are a single species and, 


after multiplying and spreading over the whole surface of the 
earth, they have undergone various changes by the influence 
of climate, food, mode of living, epidemic diseases, and 
the mixture of dissimilar individuals. At first these changes 
were not so conspicuous, and produced only individual va- 
rieties; these varieties became afterwards specific, because 
they were rendered more general, more strongly marked, 
and more permanent by the continual action of the same 
causes; they are transmitted from generation to generation, 
as deformities or diseases pass from parents to children. 


Many citations like this one and the ones below are found 
in Count (1950). 

Lists of races, or varieties as they were called by 
Linnaeus (1707-1778), appear in the eighteenth cen- 
tury with Linnaeus and with Kant (1724-1804), who 
also made various hypotheses on their mechanism of 
origin. Kant’s hypotheses are unconvincing today, but 
the philosopher acknowledged their futility in the lack 
of adequate knowledge. J. F Blumenbach (1752-1840), 
considered the father of physical anthropology, exer- 
cised great influence with his doctor of medicine thesis 
from the University of Géttingen (Blumenbach 1775). 
He stated that the human species is one, with five vari- 
eties: Caucasian (he might have been the first to use this 
term), Mongolian, Ethiopian (including all Africans), 
American, and Malay (including the islands of South- 
east Asia and the part of Oceania then known). At that 
time skin color, the most conspicuous of all traits, had 
the dominant role it still has in the layman’s mind. He 
defined Caucasians as we define Caucasoid today, in- 
cluding Europeans, North Africans, and people from the 
Near East and India. He did not, however, include Lapps 
and Finns, whom he assigned to Mongols. He stated that 
he chose the name of this variety from the Mount Cauca- 
sus, on the basis of what one might call a poetical moti- 
vation, because of the widespread belief that this region 
harbors the most beautiful people, like the Georgians 
who live in the southern part of the Caucasus. He also 
considered this area the likely origin of modern humans 
and followed Buffon in regarding white as the original 
color of the human species. 

Trying to get away from the ever-present and obvi- 
ously unsatisfactory criterion of skin color, the Swedish 
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anatomist Anders Retzius (1796-1860) showed it was 
possible to generate a classification of races using cranio- 
metric criteria. Retzius invented the cephalic index; the ra- 
tio of the width to the length of the skull. This measurement 
enjoyed tremendous success in physical anthropology for 
a century, until the advent of multivariate analysis and ge- 
netic markers after World War II. Its popularity was tied to 
the simplicity of measurement both in living individuals 
and in skulls, including fossil ones, and to the superficial 
impression of precision it conveys. Ideas of biometry were 
introduced at that time by the Belgian scientist, Adolphe 
Quetelet (1796-1874). After World War II, interest in the 
cephalic index essentially disappeared because its heri- 
tability is probably low and because the index is sensitive 
to short-term environmental effects. 

In the early nineteenth century, other means of dis- 
tinguishing human races were suggested, and some 
contributors also argued against complete interfertility, 
challenging the idea that there is only one species. The 
summary of Charles Darwin (1809-1882) in The Descent 
of Man, and Selection in Relation to Sex (Darwin 1871) 
is especially illuminating. He noted arguments given by 
others for and against full interfertility in humans (we 
have no doubt today that there are no limitations in hu- 
mans to interfertility). In the face of contrasting evidence 
existing at the time, Darwin concluded nevertheless 
that the species is likely to be one because all the races 
“oraduate into each other’; moreover, “the races of man 
are not sufficiently distinct to inhabit the same coun- 
try without fusion; and the absence of fusion affords 
the usual and best test of specific distinctness.” He also 
specified that, however conspicuous the differences be- 
tween races, they are mostly unimportant, because for 
most important traits, including mental ones, there is 
much similarity. In spite of the external difference be- 
tween American aborigines, Negroes, and Europeans he 
was “incessantly struck... with the many little traits of 
character showing how similar their minds are to ours.” 
Concerning classification problems, Darwin cited 12 au- 
thors who all disagreed on the numbers of races, giving 
numbers that vary from 2 to 63; he cited this disagree- 
ment as further evidence that “it is hardly possible to 
discover clear distinctive characters” between races, be- 
cause they “graduate into each other.” 

As to the origin of variation, Darwin believed that “the 
external characteristic differences between the races of 
man cannot be accounted for in a satisfactory manner by 
the direct action of the conditions of life; the differences 
between the races of man, as in color, hairiness, form 
of features, etc., are of a kind which might have been 
expected to come under the influence of sexual selec- 
tion.”’ It is noteworthy and unfortunate that very little 
research has been done in humans on the evolutionary 
consequences of the choice of mates. 

The American anthropologist Franz Boas (1858-1942) 
was among the first to throw considerable doubt on the 
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evolutionary stability of quantitative phenotypic varia- 
tion like stature, limb measurements, and in general most 
anthropometric traits. In a classic work (Boas 1940) that 
compared physical characteristics of children of immi- 
grants to the United States with those of relatives who 
did not migrate, he showed the magnitude of short-term 
environmental effects. As was almost inevitable at that 
time, his work was statistically weak. In any case, con- 
fidence in anthropometry remained unshaken for a long 
time and may still be strong in the most conservative 
quarters. The magnitude of short-term environmental ef- 
fects is well documented, and there also exist slow en- 
vironmental changes, the physiological effects of which 
are difficult to test, but which throw considerable doubt 
on genetic interpretations of phenomena like the recent 
secular trend for an increase in stature in Europe and 
other parts of the world. Nonmetric variation of bones 
has recently become popular, but evidence that it is de- 
termined by genotype and is insensitive to short-term 
environmental change is still far from adequate. 

We believe that the major breakthrough in the study 
of human variation has been the introduction of genetic 
markers, which are strictly inherited and basically im- 
mune to the problem of rapid changes induced by the 
environment. One should not expect, of course, that in 
the long term they show complete stability; otherwise, 
there would be no evolution. The nature and the dy- 
namics of the major forces that mold the frequencies of 
genetic markers are well understood: natural selection 
(including also sexual selection), mutation, migration, 
and chance. Chance is effective in two ways: (1) because 
mutations are rare and random, the occurrence of a spe- 
cific mutation at a particular point of time and space can 
be considered a chance event; (2) random genetic drift 
is another strictly indeterministic process. 

The pioneers of this approach, Hirszfeld and Hirszfeld 
(1919), showed (fig. 1.5.1) the differences in frequen- 
cies of A and B blood antigens in different ethnic groups, 
sampled from the armies of World War I. They proposed 
a biochemical index to differentiate populations on the 
basis of the two antigens. Starting in the 1930s, Ameri- 
can immunologist W. Boyd used information on gene fre- 
quencies of ABO and the other blood groups then known 
(MN and P; RH became known in 1940) for reconstruct- 
ing the evolutionary history of humans and the differ- 
entiation of races (Boyd 1950). Boyd and others also 
started looking for ABO antigens in mummies, research 
that met with criticism because of the possible contami- 
nation with related bacterial antigens and destruction by 
specific bacterial enzymes. 

The theoretical contributions of R. A. Fisher (1890-— 
1962) to the understanding of the structure of RH (see 
Race and Sanger 1975) and his interest in evolutionary 
applications stirred considerable activity on blood-group 
studies in Great Britain. The person who emerged as the 
major student of human evolution through genetic mark- 
ers was Arthur Mourant, who was instrumental in im- 
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Fig. 1.5.1 This graph showing ethnic differences in 

ABO gene frequencies was the first use of genetic markers 
to study racial differences. The figures given are percent- 
ages of positive reactions with anti-A and anti-B reagents. 
The ‘biochemical index” is the ratio of A to B. (Taken 
from Hirszfeld and Hirszfeld [1919, pp. 505-537] by 
Bodmer and Cavalli-Sforza [1976, p. 576].) 
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proving the quality of research on populations, thanks to 
his expertise in genetic hematology, his typing of many 
interesting ethnic groups, and his publication of the first 
modern tabulation of gene-frequency data with an evo- 
lutionary interpretation (Mourant 1954). This book was 
followed by three more volumes, which have been a ma- 
jor source of information (see sec. 1.9). A tabulation of 
gene frequencies of immunoglobulin polymorphisms by 
Steinberg and Cook (1981) was a useful complement. 
In addition, a recent tabulation of genetic data from a 
selected number of human populations, with some geo- 
graphic displays, has been published by Nei and Roy- 
choudhury (1988). We closed our data collection in the 
summer of 1986 and were therefore unable to use new 
information from this book. 
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1.6. SCIENTIFIC FAILURE OF THE CONCEPT OF HUMAN RACES 


The classification into races has proved to be a fu- 
tile exercise for reasons that were already clear to Dar- 
win. Human races are still extremely unstable entities 
in the hands of modern taxonomists, who define from 
3 to 60 or more races (Garn 1971). To some extent, 
this latitude depends on the personal preference of tax- 
onomists, who may choose to be “lumpers” or “split- 
ters.” Although there is no doubt that there is only one 
human species, there are clearly no objective reasons 
for stopping at any particular level of taxonomic split- 
ting. In fact, the analysis we carry out in chapter 2 for 
purposes of evolutionary study shows that the level at 
which we stop our classification is completely arbitrary. 
Explanations are statistical, geographic, and historical. 
Statistically, genetic variation within clusters is large 
compared with that between clusters (Lewontin 1972; 
Nei and Roychoudhury 1974). All populations or popu- 
lation clusters overlap when single genes are considered, 
and in almost all populations, all alleles are present but 
in different frequencies. No single gene is therefore suf- 
ficient for classifying human populations into systematic 
categories. 

As one goes down the scale of the taxonomic hierarchy 
toward the lower and lower partitions, the boundaries be- 
tween clusters become even less clear. The evolutionary 
explanation is simple. There is great genetic variation in 
all populations, even in small ones. This individual vari- 
ation has accumulated over very long periods, because 
most polymorphisms observed in humans antedate the 
separation into continents, and perhaps even the origin 
of the species, less than half a million years ago. The 
same polymorphisms are found in most populations, but 
at different frequencies in each, because the geographic 
differentiation of humans is recent, having taken perhaps 
one-third or less of the time the species has been in ex- 
istence. There has therefore been too little time for the 
accumulation of a substantial divergence. The difference 
between groups 1s therefore small when compared with 
that within the major groups, or even within a single 
population. In addition, our species and its immediate 
predecessor, Homo erectus, showed considerable migra- 
tory activity in all directions, some of which are likely to 
have resulted in admixtures between branches that had 
separated a long time before. Whatever genetic bound- 
aries may have developed, given the strong mobility of 
human individuals and populations, there probably never 
were any sharp ones, or if there were, they were blurred 
by later movements. There may still exist weak genetic 
boundaries in some regions, but they only mean that 
there has been less local admixture across certain barri- 
ers. For instance, Barbujani and Sokal (1990; Sokal et 
al. 1988) have found a number of weak genetic bound- 
aries in Europe linked with geographic, ecological, and 
linguistic differences (see chap. 5). 


From a scientific point of view, the concept of race 
has failed to obtain any consensus; none is likely, given 
the gradual variation in existence. It may be objected 
that the racial stereotypes have a consistency that allows 
even the layman to classify individuals. However, the 
major stereotypes, all based on skin color, hair color 
and form, and facial traits, reflect superficial differences 
that are not confirmed by deeper analysis with more re- 
liable genetic traits and whose origin dates from recent 
evolution mostly under the effect of climate and perhaps 
sexual selection. By means of painstaking multivariate 
analysis, we can identify “clusters” of populations and 
order them in a hierarchy that we believe represents the 
history of fissions in the expansion to the whole world 
of anatomically modern humans. At no level can clus- 
ters be identified with races, since every level of clus- 
tering would determine a different partition and there is 
no biological reason to prefer a particular one. The suc- 
cessive levels of clustering follow each other in a regu- 
lar sequence, and there is no discontinuity that might 
tempt us to consider a certain level as a reasonable, 
though arbitrary, threshold for race distinction. Minor 
changes in the genes or methods used shift some popu- 
lations from one cluster to the other. Only “core” pop- 
ulations, selected because they presumably underwent 
less admixture, confer greater compactness to the clus- 
ters and stability to the classification tree. Although the 
hope of producing a good taxonomy is a lost cause—a 
minor scientific loss—that of reconstructing evolution- 
ary history retains full strength and has the advantage 
that hypotheses can be tested on the basis of other, in- 
dependent sources of data. Greater confidence in the 
conclusions must come from agreement with external 
sources of relevant evidence rather than from internal 
analysis. 

The word “race” is coupled in many parts of the 
world and strata of society with considerable prejudice, 
misunderstanding, and social problems. Xenophobia, 
political convenience, and a variety of motives totally 
unconnected with science are the basis of racism, the 
belief that some races are biologically superior to the 
others and that they have therefore an inherent right to 
dominate. Racism has existed from time immemorial 
but only in the nineteenth century were there attempts 
to justify it on the basis of scientific arguments. Among 
these, social Darwinism, mostly the brainchild of Her- 
bert Spencer (1820-1903), was an unsuccessful attempt 
to justify unchecked social competition, class stratifica- 
tion, and even Anglo-Saxon imperialism. Not surpris- 
ingly, racism is often coupled with caste prejudice and 
has been invoked as motivation for condoning slavery, or 
even genocide. There is no scientific basis to the belief 
of genetically determined “superiority” of one popula- 
tion over another. None of the genes that we consider 
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has any accepted connection with behavioral traits, the 
genetic determination of which is extremely difficult 
to study and presently based on soft evidence. The 
claims of a genetic basis for a general superiority of 
one population over another are not supported by any of 
our findings. Superiority is a political and socioeconomic 


1.7. IDENTIFYING POPULATION UNITS 


Although, in principle, the individual can be the unit 
of evolutionary study, this requires testing every indi- 
vidual for a large number of genes, and the amount of 
information generated soon becomes prohibitive. This 
approach has been attempted thus far only in studies of 
mitochondrial DNA (Brown 1983; Johnson et al. 1983) 
(discussed in sec. 2.4). The development of simple se- 
quencing techniques has permitted great expansion of 
this approach, but a considerable increase in the effi- 
ciency of present methods of statistical analysis is still 
required. Moreover, trees developed using this method 
give a different sort of information from the population 
trees that we examine in this book. They supply muta- 
tional histories and refer to events that are not the same 
as the populational events that we follow here. 

A rigorous analysis should start with a definition of 
the “population” to be sampled; in practice, one deals 
with samples that have already been collected and tested 
so that one is limited to deciding whether a sample is ac- 
ceptable. A “Mendelian population” is one formed by in- 
dividuals who mate randomly (see, e.g., Cavalli-Sforza 
and Bodmer 1971a). The “Hardy-Weinberg” rule (HW), 
briefly outlined in a preceding section, predicts the distri- 
bution of observed phenotypes in a diploid organism like 
the human one, given random mating, gene frequencies, 
and dominance rules, if any. It is well known that HW 
is extremely robust and the great majority of observed 
samples satisfy it. Deviations usually arise from one of 
four sources: 


1. The genetic model (postulated alleles and dominance re- 
lationships) is incorrect. 

2. Laboratory procedures or testing reagents are not always 
adequate. 

3. Natural selection eliminates some phenotypes preferen- 
tially (an example is the effect of malaria mortality when 
testing the distribution of phenotypes for sickle-cell ane- 
mia among adults). 

4. The population sample is heterogeneous, being made of 
socioeconomic and geographic strata that do not mate ran- 
domly with each other and differ in their gene frequencies. 


The test of deviation from HW is made by the statis- 
tical index of goodness of fit, yx’. When this is greater 
than a predetermined amount, the deviation from HW 
is considered statistically significant, but the numerical 
value of x* is proportional to the number of individu- 


concept, tied to events of recent political, military, and 
economic history and to cultural traditions of countries 
or groups. This superiority is rapidly transient, as history 
shows, whereas the average genotype does not change 
rapidly. But racial prejudice has an old tradition of its 
own and is not easy to eradicate. 


als forming the sample. If there is a true deviation, the 
larger the sample, the more likely the deviation is sig- 
nificant. Large samples are thus inevitably more likely 
to show deviations, and many smaller samples, which 
apparently satisfy HW, may be actually as unsatisfactory 
as the larger ones, but have a smaller chance that their 
deviation from HW is statistically significant. Very large 
samples seem less satisfactory from the point of view of 
fitting HW expectations because they are almost always 
made up of blood donors, large numbers of which have 
been tested for blood groups important for transfusion. 
These large samples are inevitably drawn from a large 
area and thus come from a population that is more likely 
to be heterogeneous. An evaluation of the heterogene- 
ity between samples of the same geographic or ethnic 
origin can alert us to the existence of such problems. 
For this reason, we have in certain cases avoided the 
use of sample sizes as weights when calculating mean 
gene frequencies. Further information on the applica- 
tion of Hardy-Weinberg can be found elsewhere (Cavalli- 
Sforza and Bodmer 1971b; Bodmer and Cavalli-Sforza 
1976b, c). 

A deviation from HW can determine a systematic er- 
ror in the estimation of gene frequencies in the case 
of dominant genes, for example, in the ABO and RH 
systems. This error may be relatively important when 
comparing populations that are genetically close but of- 
ten becomes trivial when comparisons are between very 
different populations, as is practically always the case 
in our work. However, it is difficult to set a nonarbi- 
trary, objective threshold at which to include or exclude 
a gene-frequency estimate, based on the relevant HW 
x”. We have therefore made only rare exclusions on this 
basis. 

The definition of Mendelian populations based on pan- 
mixia (general random mating within a population) — and 
hence the test of HW equilibrium—are, in practice, of 
limited use for our purposes. If applied to whole popu- 
lations rather than to population samples, the HW test 
would probably prove that many populations are hetero- 
geneous when they come from towns of large size. It is 
difficult to guess at what level this would be percepti- 
ble, but one cannot, of course, set a size threshold for 
this phenomenon, since the chance of significant hetero- 
geneity will increase continuously with town size. The 


redundancy internal to any population or sample that in- 
cludes several members of the same family is one cause 
of increase of y* above random expectation and is not 
easy to take rigorously into account. In addition, the 
tendency of marriages to occur at a short distance be- 
tween places of residence or of birth tends to generate 
some geographic heterogeneity unless the area investi- 
gated is extremely small. Socioeconomic heterogeneity 
and other strong barriers to free interchange can also cre- 
ate stratifications almost within each population studied. 
Thus, validity of the HW test is not crucial to inves- 
tigations making very broad comparisons. Most popu- 
lations have some internal genetic heterogeneity, even 
if it is not detectable in every case, and it is of little 
importance for our purposes. In the geographic maps 
that we present, heterogeneity between populations oc- 
cupying the same geographic locality is indicated and 
evaluated at an opportune significance level. (All the 
symbols used on the geographic maps are explained in 
table 1.14.1.) Local heterogeneity 1s tested under the hy- 
pothesis of binomial random sampling, and this test is 
very sensitive with large samples. It thus may respond 
to minor differences that are most frequently trivial com- 
pared with the genetic distances between populations that 
we are interested in studying. The explanation of these 
heterogeneities is usually sought in the coexistence, in 
the same small area, of different ethnic groups that do 
not undergo frequent genetic exchange. 

These difficulties are sometimes not easily under- 
stood by people unfamiliar with human populations, 
their demography, and population genetics (Bateman et 
al. 1990a; Cavalli-Sforza et al. 1990). The term deme 
has been commonly employed to indicate a population 
unit that is panmictic and receives specified proportions 
of migrants from other specified populations. Except for 
a very few human populations, one cannot give an oper- 
ationally useful definition of a deme, for reasons similar 
to those that make it difficult or impossible to define 
races. Demes are of course much smaller in size than 
races, but the continuity of the variation of gene fre- 
quencies and of mating distances at the geographic scale 
of demes is even more extreme than for races (Cavalli- 
Sforza 1958, 1963, 1986a, b). 

It may be worth mentioning some of the reasons that 
make it difficult to define human demes. Candidates 
could be ethnographic units (e.g., tribes) or geographi- 
cally defined clusters of people (villages, towns, cities). 
They are all usually endogamous to some degree and 
may come closer to the definition of a deme, but there 
are always many possible, embarrassing choices. Many 
tribes have undergone extraordinary demographic expan- 
sions (e.g., in Nigeria) and are subdivided in complex 
ways. In tribal as in modern society, the choice of mates 
is largely dictated by geographic, socioeconomic, reli- 
gious, ethnic, and other constraints. The gene pool is 
therefore subdivided and stratified in very complex ways. 
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Moreover, especially in Africa, most villages are made 
of several ethnic groups, and even most smaller tribes are 
spread over many villages (for a rare demographic inves- 
tigation of a farming population in Africa, the Ngbakas 
of the Central African Republic, see Thomas 1963). In 
modern society most of the farming population may be 
very sparse (e.g., in the Po Valley of northern Italy; also 
in agricultural regions of the United States), with many 
people living in isolated houses near the farms. The 
farming population, once 90%-95% of the population, 
has decreased enormously (to 10%—-15% or less) with 
the modernization of the economy. At present, the popu- 
lation tends to conglomerate in big cities with extremely 
complex patterns of residential segregation. The effect 
of geographic distance on the probability of marriage is 
well known and applies, though in different degrees, to 
all populations but is usually an incomplete description 
of the patterns of population distribution. Changes in 
means of transportation and labor opportunities have of 
course altered profoundly marriage customs: Dahlberg 
used the term “breakdown of isolates” to indicate this phe- 
nomenon, which includes a fall in consanguineous mar- 
riages and an increase in geographic distance between birth 
places of mates (see also Cavalli-Sforza 1957, 1958, 
1963, 1986b; Cavalli-Sforza and Bodmer 1971; Bodmer 
and Cavalli-Sforza 1976b; Cavalli-Sforza and Hewlett 
1982; Wijsmann and Cavalli-Sforza 1984). 

From a practical point of view, a definition that makes 
it possible, if necessary, to obtain another sample from 
the same population is the major requirement for statis- 
tical validity. The indication of the population sampled 
by an earlier research worker is usually sufficient for 
this purpose. Even in the case of the American Indian 
populations that were most thoroughly investigated, the 
Yanomama and the Makiritare, one cannot expect a new 
sample to satisfy conditions of a good statistical sample, 
that is, to be within binomial sampling error. The ge- 
netic heterogeneity between villages is very high (Ward 
and Neel 1970) and their genetic composition is unsta- 
ble in time and space. The source of much of this ex- 
treme heterogeneity is that internal population rearrange- 
ments take place by partitions that tend to follow lines of 
kinship. In general, because of the internal genetic het- 
erogeneity of every population, one might find some 
variation between different samples, but most of the time 
it will not be embarrassingly large as with the Makiritare 
or Yanomama. 

The details of the geographic or ethnic origin of the 
published population data given in the original papers 
varies considerably and may pose some practical dif- 
ficulties. Generally, a gene frequency refers to a pop- 
ulation occupying a geographic area that is sometimes 
poorly defined. A number of published samples, for- 
tunately small, is given with very little detail (for in- 
stance, the population of origin may be defined simply as 
Australian aborigines or Africans). When other, better- 


22 CHAPTER 1 


defined samples exist for the same genes, the poorly 
defined ones have been omitted. Even the indication 
of nationality—often the only information available — 
is not satisfactory, since many countries have substantial 
internal ethnic variation. When it was necessary to in- 
clude any such poorly specified sample, it referred to the 
capital. 

Populations defined as mixed, without giving details, 
were systematically excluded. When the original paper 
gave no information on this point, strong internal ev- 
idence of admixture with other widely different ethnic 
groups coming from the distribution of markers, was 
considered sufficient reason for discarding the popula- 
tion (for instance, the presence of nontrivial numbers 
of A blood-group individuals or of sickle-cell anemia 
in Central and South American Indian populations). We 
considered it important to be conservative in this respect, 
as one might easily bias the estimates if one were too 
extreme in applying this criterion. We retained popula- 
tions that had up to 10% admixture, rarely more, but 
unfortunately there are few markers that allow a reliable 
diagnosis of admixtures from internal evidence. 

Multivariate analysis posed more difficult problems. 
Here there is a need for finding the maximum possible 
number of genes for each population, and many authors 
tested only a small set of markers. It was therefore nec- 
essary to provide a reliable method of pooling popula- 
tions. There was a smaller chance of being wrong when 
the same population name was used in different stud- 
ies, even if some confounding is certainly introduced by 
pooling different samples of the same population col- 
lected by different authors. Especially with small tribes, 
however, there was frequently a necessity of using some- 
what wider definitions of populations, allowing the pool- 
ing of tribes, in order to reach a satisfactory number of 
markers. Few populations have been tested systemati- 
cally for a large number of markers. 

Our database contains 76,676 gene frequencies. They 
correspond to 6633 samples with different geographic 
locations and to 1915 different population names. These 
numbers posed a gigantic problem of classification and 
there would be little to be gained from physical anthro- 
pology classifications if any existed. 

Our main criterion in pooling populations for gener- 
ating higher categories was geographic, but it was clear 
that, especially for populations from the developing 
world, the geographic criterion had to be supplemented 
with general anthropological information of some kind 


1.8. LINGUISTIC CLASSIFICATION 


The most recent linguistic classification lists 4736 lan- 
guages (Ruhlen 1987). This indicates a million speakers 
per language, on the average, but a handful of languages 


because populations of widely different origins occasion- 
ally live only short distances from one another. We de- 
cided to resort to linguistics when other criteria failed 
since it is increasingly clear that there is a certain amount 
of parallelism between the linguistic and genetic evolu- 
tion of populations. This parallelism is certainly incom- 
plete, however, and there are many well known excep- 
tions. On the one hand, the use of a linguistic code of 
classification of our populations offered the possibility of 
giving us a chance to test further the genetic-linguistic 
parallelism and the deviations from it, a problem of in- 
terest per se. On the other hand, the pooling of popu- 
lations on the basis of linguistic association offered an 
additional criterion of grouping, which we used within 
groups defined by geographic and other classical ethnic 
criteria. It is important that linguistic classifications also 
usually follow geographic criteria, so that the two go 
hand-in-hand, but the linguistic criterion is usually finer 
and more often attuned to ethnic differences, especially 
in developing countries. In fact, tribal names are very 
often the same as those of languages. The linguistic code 
is discussed in the following section. 

By this process of pooling, we reduced the initial 6633 
samples, most of which had been tested for very few 
genes (alleles), to exactly 491 populations at the lowest 
level of clustering. This reduction involved both culling 
and pooling. These populations are listed in Appendixes 
2 and 3, their gene frequencies and ethnic composition 
are given, and a bibliography is provided. Many of the 
491 “populations” appear in the analyses of each region 
in chapters 3—7, which are dedicated to single continents. 
A further selection from the 491 populations was carried 
out for analyses at the level of whole continents, always 
excluding populations with the smaller number of genes. 
For the purpose of further increasing the average number 
of genes in the analysis of the whole world, a final reduc- 
tion of the number of populations was made by culling 
populations that had too few genes and no affine groups 
with which they could be pooled, and pooling those that 
showed high affinity. With this second cycle of culling 
and pooling, the number of populations decreased to 42 
(with 120 independent alleles), but still with a nonneg- 
ligible number of gaps. Although some sacrifices had to 
be made, the sample of 42 populations was still reason- 
ably compatible with the desire to adequately represent 
the whole world. Their analysis is described in chapter 2. 
The gene-frequency data of the 42 populations appear in 
Appendix |. 


are spoken by hundreds of millions of people, the great 
majority by tens of thousands of individuals, and many 
by only a few hundred or less than one hundred. Lan- 


guages in the last category are likely to become extinct 
in a few generations. The same fate has already befallen 
a number of others, some of which were studied before 
their disappearance. Except for the very few widely spo- 
ken languages, there tends to be a one-to-one correspon- 
dence of tribal names to language names. Thus, except 
in the case of large modern nations in which the iden- 
tity of original tribes is usually—though not entirely — 
lost, languages offer a powerful ethnic guidebook, which 
is essentially complete, unlike strictly ethnographic in- 
formation. Moreover, there exist phylogenetic classifica- 
tions of languages, which in linguistics jargon are called 
“genetic,” and they supply a partial taxonomic hierarchy 
from which we could build a linguistic numerical code. 
Naturally such a code should not be used automatically 
for a biological classification, but it was a convenient 
point of departure that was modified on the basis of other 
information. 

An important consideration is that modern linguis- 
tic classifications recognize major groups or phyla (also 
called families). Leaving aside a few isolates, which, 
although reasonably well studied, cannot be classified in 
the existing taxonomy, the few unclassified languages, 
the recent hybrids (pidgins and creoles), and the invented 
languages like Esperanto, there are 17 major taxonomic 
groups listed by Ruhlen. A list of these 17 phyla is 
given in the next chapter. Thanks to Dr. Ruhlen, we 
had access to his classification while it was still un- 
published. Books like Classification and Index of the 
World’s Languages, and the Ethnologue (Voegelin and 
Voegelin 1977; Grimes 1984) were also very useful for 
synonymies and geographic information. Grimes was 
especially useful for demographic census data. Some 
information was also obtained from the Encyclopae- 
dia Britannica (1974) as well as government publi- 
cations for the USSR and China (The USSR in Fig- 
ures for 1986 and China Handbook Editorial Committee 
1985). 

The code we eventually adopted for classifying our 
populations is geographic—anthropological (physical)— 
linguistic-ethnographic, the order of the four words 
reflecting the average importance of each criterion in 
making decisions in uncertain cases. On the basis of 
this code, we classified all gene-frequency data into a 
four-tier hierarchy: the continent, major classes within 
the continent, and two lower hierarchical levels. The 
third tier included clusters of very unequal numerical 
importance and was designed to recognize major groups 
as well as special populations likely to deserve separate 
analysis. The fourth tier consisted of the 491 popu- 
lations initially selected for multivariate analysis and 
consisted of tribes, countries, or regions of countries, 
depending on areas. Our code was therefore inspired 
by pragmatic considerations and does not necessarily 
correspond to subdivisions that eventually turned out to 
be entirely meaningful from a phylogenetic point of view, 
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but it made it possible to easily reconstruct linguistic 
phyla and their major subdivisions. 

Tribes do not necessarily correspond to Mendelian 
populations as defined above; the discrepancy between 
the two is especially important when tribes are numer- 
ically large. In fact, in large tribes, social stratification 
and geographic differentiation may be very pronounced 
and even relatively small tribes, when carefully ana- 
lyzed, have shown internal heterogeneity. This is espe- 
cially marked, for instance, in the case of the Yanomama 
and the Makiritare (Ward and Neel 1970). Supratribal, 
national aggregates and their geographic subdivisions 
are even worse in this respect. Apart from the hetero- 
geneities that may arise in various circumstances, how- 
ever, tribes, when not too large numerically, are a reason- 
able approximation to a population unit for the purpose 
of genetic analysis; in any case, there is usually no better 
choice. Because the ideal of a Mendelian population is 
difficult to attain, we consider the smallest subdivision 
available as a genetic pool of individuals who mate ran- 
domly or nearly so for most practical purposes of genetic 
analysis, recognizing that this unit may be larger than a 
Mendelian population but still offers the best practical 
compromise. 

It is reassuring to note that the patterns of linguistic 
variation in space parallel those of genetic and/or geo- 
graphic variation, as shown in a number of detailed stud- 
ies on small regions (Sardinia, Piazza et al., in press; Mi- 
cronesia, Cavalli-Sforza and Wang 1986), as well as on 
a wider scale (North America, Spuhler 1979; Europe, 
Sokal et al. 1988; Barbujani and Sokal 1990; Central 
America, Barrantes et al. 1990). There are in fact good 
a priori reasons why cultural and genetic pools have close 
similarities: both genetic and cultural contacts take place 
by the same routes; they respond to the same geographic 
and ecological barriers; and they also can influence each 
other, in the sense of mutual reinforcement. For example, 
take a tribe as an imperfect example of a cultural pool; 
a tribe is frequently endogamous, a property that fits to 
some extent the idea of a genetic pool. At a more general 
level, the constitution of a genetic pool is determined by 
geographic factors, socioeconomic distance, and a vari- 
ety of cultural factors (religious, linguistic, etc.), all of 
which also operate on cultural pools and affect them in a 
parallel way. Although investigations of the joint effects 
of all these variables would be very interesting, there do 
not seem to be any. It seems likely that two individuals 
have a higher probability of marrying if their distance in 
any of these scales is shorter. 

Important correlations are thus created between ge- 
netic pools on one side and sociocultural pools on the 
other. There are limitations, however, to the parallelism 
of linguistic and genetic evolution. Languages evolve 
much faster than genes; two languages may become mu- 
tually unintelligible in a thousand years or less because 
of progressive differentiation. Formally, this is similar 
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to the origin of two different species in biology. Spe- 
ciation involves the loss of interfertility, in some mea- 
sure the genetic equivalent of the loss of communica- 
tion, but speciation takes on the order of a million years. 
Moreover, a language can be replaced by an entirely 
different one in as little as three generations as a re- 
sult of political events leading to domination by a new 
people. By contrast, the genetic changes accompanying 
the replacement of a language, usually by invasion fol- 
lowed by imposition of the language of the new mas- 
ters, may be difficult to detect genetically because the 
new masters are often numerically a small fraction of 
the whole population they dominate. It is also possible 
that extensive gene replacement has occurred through 
prolonged contact and gene flow from neigbors, without 
language change. One thus expects, and finds, minor and 
major inconsistencies in the comparison of genes and 
languages. 

Linguistic analysis does not cease to be useful in the 
analysis of large national and supranational aggregates 


1.9. NATURE AND SOURCES OF THE DATA 


We have confined our analysis to aboriginal popula- 
tions that were in their present location at the end of 
the fifteenth century when the great European migra- 
tions began. We have thus excluded Black Americans 
and all the recent colonizations of Caucasoid, Chinese, 
and Indian origins. We have also excluded all manifestly 
mixed populations; those stated to have 25% or more ex- 
ternal admixture; all populations from Israel, for reasons 
already stated in section 1.2; and various isolates, in- 
cluding migrant groups like Gypsies. We have also usu- 
ally excluded populations classified as living “abroad,” 
for which there is only a vague indication of origin. 

All data from the major compilations cited in the 
Appendix that satisfy the above definitions have been 
included in the data bank, irrespective of sample size 
(excluding sizes below 50 individuals, with very few ex- 
ceptions for geographic areas where data were extremely 
rare) and of Hardy-Weinberg y*. As already discussed, 
the rationale behind this last decision is that a usually 
small heterogeneity is expected in the majority of the 
samples, but is not usually found because the great ma- 
jority of samples are of small size, and hence unlikely 
to show heterogeneity. The error in estimating the fre- 
quencies of dominant genes because of this heterogene- 
ity is likely to be small and unbiased compared with the 
differences between populations that we study. It would 
be difficult to set an arbitrary general limit to y* above 
which data are ignored. 

Gene frequencies from populations with the same geo- 
graphic coordinates were averaged (weighting by sam- 
ple size), and heterogeneity y*’s were calculated in each 


in which a common language is spoken. The distinction, 
however, may have to be drawn at the level of dialects 
and is inevitably more subtle. The simplest method of 
measuring the similarity of dialects, or of languages that 
are not too widely separated, consists of evaluating the 
proportion of words that clearly have a common origin, 
even though they may have undergone some phonologi- 
cal or semantic change. Such words are called cognates. 
The percentage of words that are cognate in two lan- 
guages (or dialects) is a measure of the languages’ simi- 
larity and also of the linguistic affinity of the correspond- 
ing populations. Attempts at correlating the similarity (or 
its converse, the distance) between two languages with 
their time separation (glottochronology) have been only 
partially successful. 

Dialects of a language should show, on the average, 
smaller reciprocal distances than languages. The transi- 
tion from dialect to language is, however, continuous and 
there is a gray area in which designating two forms of 
speech dialects or languages is arbitrary. 


case. The indications of local heterogeneity that appear 
in geographic maps are based on these estimates. 

Our joint work began as geographic analysis of ge- 
netic European data in 1977. After publication of our 
first paper on what we called synthetic geographic maps 
of Europe (Menozzi et al. 1978a), we decided to ex- 
tend the work to the rest of the world. At that time, the 
extensive tabulation by Mourant et al. (1976a) had ap- 
peared, but it carried only data published up to 1972. An 
update was therefore necessary, and it was begun by a 
computer search using common key words and available 
retrieval software. In this way, we also identified jour- 
nals most frequently employed for publishing articles of 
interest. These journals were systematically searched by 
hand. 

When our work was fairly advanced, we became 
aware that Tills, Kopec, and Tills were updating the tab- 
ulations by Mourant et al. (1976) from 1972 onward. 
These authors summarized the next 9-10 years of data, 
and eventually published it (Tills et al. 1983) in a for- 
mat very similar to that used earlier by Mourant et al. 
(1976a), using the same numbers for tables of the same 
genes. These numbers are used in our own summaries 
for referring to data cited in these two books. Thanks to 
the courtesy of Drs. Mourant and Tills, we could obtain 
photocopies of Tills’ updated tables several months in 
advance of their publication. We found that much of the 
material we had collected was duplicated in their work. 
Material for GM by Steinberg and Cook (1981), and for 
hemoglobins by Livingstone (1985) was also found to 
be partially duplicated. 
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Another important compilation of data by Roychoud- 
hury and Nei (1988) lists 362 loci, including polymor- 
phic and monomorphic ones, for a variable number of 
populations (a total of about 180 when data are avail- 
able). They also include 50 world geographic distribu- 
tions of gene frequencies and show their numerical fre- 
quency values. Unfortunately, this work was published 
too late for use in forming our data bank. 

Various circumstances forced us to delay the beginning 
of our analytical work, and it therefore became neces- 
sary to update our own files. This was done by covering 
the period between the summers of 1982-1986 by sys- 
tematic analysis of the journals that had proved richer in 
relevant articles in the previous search. The first search 
had used articles from a total of 136 journals, of which 
12 provided 66% of all articles. In the second search, we 
used articles from the following 12 journals: American 
Journal of Human Genetics, American Journal of Phys- 
ical Anthropology, Annals of Human Biology, Annals of 
Human Genetics, Genetics (Russian), Human Biology, 
Human Genetics, Human Heredity, Japanese Journal 
of Human Genetics, Journal of Human Evolution, Tis- 
sue Antigens, and Vox Sanguinis. This second period is 
therefore covered less thoroughly than the period before 
1982. Altogether, more than 2900 articles were indexed 
by us, of which only 777 survived after eliminating du- 
plications with other tabulations in books or reviews. 
These form the alphabetized list of references given in 
the Appendix, cited by numbers in the bibliography ac- 
companying the list of populations. 

An important question—but one that is difficult to 
answer precisely —is, how much information is missing 
from our data bank (or any other). It must vary consid- 
erably from country to country. The proportion missing 


1.10. METHODS OF ANALYSIS 


The data were analyzed according to a variety of meth- 
ods, which are briefly defined here, and explained in a 
little more detail in the following sections where key 
references will also be given. Table 1.10.1 collects a 
number of formulas employed in the analysis. 


Genetic distances (sec. 1.11). Genetic distances are 
used to measure the global genetic difference between 
two populations. There are many genetic distances; they 
are all highly correlated. In this book we have used al- 
most exclusively one measurement of distance, which is 
explained in detail in the next section. 


Trees (sec. 1.12). Trees are the most common 
method of phylogenetic analysis. A dichotomous tree is 
constructed by using a matrix of distances between all 
the possible pairs of n populations. In the intention of the 
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may be high for several European countries, since many 
medical journals in languages other than English are not 
easily available in American or English libraries. For 
Russian—in particular, Siberian—data, Michael Craw- 
ford was especially helpful in personally requesting Rus- 
sian colleagues, whom he visited before Perestroika, to 
send us reprints. Data from the Iberian peninsula were 
very thoroughly searched in Spanish and Portuguese 
journals by J. Bertranpetit; the number of these missing 
from our files was not small. However, data from Italy 
were easily available to us for obvious reasons, and the 
bias for this country is likely to be in the other direction. 

Even if no files are complete, these are probably the 
most detailed available at the moment. They are limited 
to genes represented fairly widely. We hope to make the 
full files available to research workers in the future, in 
suitable computer form, if there are enough requests. It 
is also possible that the data and bibliography published 
in this volume may satisfy most needs. They contain 
the gene frequencies of the populations, sample sizes, 
names and locations of the populations as given by the 
author, and the latitude and longitude of the place of 
residence (or birth, when indicated) of the individuals 
forming the samples. The genotype and phenotype fre- 
quencies are not given in the files. When the place of 
origin indicated in the original paper is simply the coun- 
try, the data were omitted if other data on the same gene 
and country were available with more precise places of 
origin. Otherwise, the data were included and assigned 
the geographic coordinates of the country’s capital. 

At the time of writing, we hope to update the data bank in 
the same format, although no specific plans have yet been 
made. Inany case, we would appreciate it iferrors and omis- 
sions were made known to any one of the authors. 


authors who first suggested this approach for evolution- 
ary purposes (Cavalli-Sforza and Edwards 1964, 1967; 
Edwards and Cavalli-Sforza 1964), the tree should rep- 
resent the history of fissions (splits, separations) having 
taken place in the human species or parts of it. Possible 
sources of error demand internal and external controls for 
the historical interpretation for a sequence of fissions to 
be acceptable. There are many methods for reconstruct- 
ing trees; some give rooted trees (the root or origin is the 
earliest dichotomy), some give unrooted ones. A root 
can be added to an unrooted tree on the basis of evidence 
internal or external to it; the latter is likely to be more 
robust. Rooted-tree methods force all branches from the 
origin to the populations being analyzed to be equal in 
length. This is a necessary consequence of the hypothesis 
of constant evolutionary rates underlying such methods. 
Unrooted trees are not bound by these constraints, but 
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Table 1.10.1. Summary of Major Formulas Most Frequently Employed in the Numerical 
Analysis 


A. Homozygosity, Heterozygosity, and Fey 


For a given locus with L alleles, where p,is the gene frequency of allele /in population j, 


L 
ba Pj =1. 
j=1 
The homozygosity of population / is 
L 
Hy= 2 pj? ; 
/=1 
and the heterozygosity of population / is 
hy = 1-H;. 
The average gene frequency of allele / in a cluster of s populations is 


Ss 
p= pj/ Ss. 
j=i 


Weighting by sample size, 
= 
p= =n; py! Zn, 
j= 
where n; is the number of individuals in a sample of population j. 


The heterozygosity of a population cluster is expressed as 
L 


h=1-X(p)2, uv 
j= 
where Subdivisions in s populations are ignored. 
The average heterozygosity of s populations is: 
s 
h,=Zh/s. (2) 
j= 
Fsy, a measure of variation of gene frequencies of populations, is calculated from 


Fst = (h-h)/h. (3) 
Fsz can be rewritten for a single allele / as 
Fs; = vat (p,)/[p; (1 - p)), (4) 


s = 
where var (p)) = £ (pj - p;)2/ (s- 1). 
pal 


Cumulatively, over all alleles at a locus, 
be ez = 
x pj (1 - pj) - Fst; 
i= 
Foy = 
ST E. ~ 
=p (1- p) 


j=1 
Under drift alone, in a population of N individuals, Fg7 increases with time as 
Fet = 1-etl2N, (5) 


Hence, -log (1 - Fgq) = t/2N. (6) 
If t is small with respect to 2N, 

Fort = t/2N 7 
B. Fey Unbiased Genetic Distance (Reynolds et al. 1983) 


Fsz for s populations (for the distance between two populations, s = 2) is 


s at 
b=2in,h/s(2n- 1), (7) 
j= 


(continued) 
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Table 1.10.1 (continued) 


where n; = sample size of population /, and 


a 7g 
n=Znj/s 
j= 
s 8 7 
Zn L(py- pj)? (2n-1)b 
=1 j=1 
a+ b= - , 8 
n (s- 1) 2n ) 
where 
Ss 
a z nj? 
Ns jx 


s-1 ns(s-1)_ 
a+ bis an unbiased estimate of total heterozygosity and b that of the within-population 
heterozygosity, in an analogue of a standard analysis of variance; the difference 
between the two gives a, the between-population heterozygosity, and the estimate of 
Foy at the given locus is given by: 
A a 


O= (9) 


a+b” 


Averaging over loci, it seems preferable to weight for the denominators by summing the 
numerators and the denominators separately. 


The estimate of distance is given by 


D = -loge(1 - 6) . (10) 
Note some differences between formulas for calculating values of Fs5+ between two 


populations. If p in equation (4) is calculated from the gene frequencies of two 
populations, then 


Fon. = (Dy - Po)® 
i> =, = 
2 p(1- p) 
which tends to be large and varies between 0 and 2; 
whereas from equation (9), for very large samples, 
(Py - Po)? 
2 (P - PyP2) 
which always lies between 0 and 1. 


Fst = 


C. Nei’s Unbiased Genetic Distance (Nei 1978, 1987) Using the Ratio of "Kinships" 


A "kinship" between two populations x and y is calculated by 


££ 
xy = py 2 Pxi Py; - (11) 


i=t jzi 
The standardized quantity, 
ea. (12) 
(a Jyy) V2 
is calculated from J, =1-hy,Jy=1-hy, 
where h, and hy are the heterozygosities of the two populations. 


The distance can be calculated as 


Dy =-log,!. (13) 
Unbiased estimates can be calculated from 
1-a-b 
l= (14) 
1-b 


for one locus (Reynolds et al. 1983). With many loci, numerator and denominator are 
independently summed over all loci before calculating /. 
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their meaning in evolutionary terms is less clear. Dif- 
ferent tree methods may produce different results. Some 
variation in results is also generated by the use of dif- 
ferent distances. Unless the number of characters (gene 
frequencies in our case) is high, the statistical error in 
tree building can be enormous. One way to evaluate its 
impact is to use the bootstrap resampling method (Efron 
1982), and to compare trees obtained after resampling 
the set of genes employed in the analysis a sufficient 
number of times. We found the bootstrap to be a useful 
method of tree validation. 

A major weakness of trees is that they do not eas- 
ily take into account the existence of cross-connections 
between branches, because of admixture between popu- 
lations. Methods to recognize cross-connections and to 
introduce them into evolutionary models are in their in- 
fancy. 


Principal-component maps (sec. 1.13). Principal- 
component (PC) maps are almost as popular as trees 
for phylogenetic analysis. They permit us to collect in 
a few simple graphs a large fraction of the information 
contained in all the genes tested. Usually the data of over 
100 gene frequencies can be summarized for a number 
of populations with an efficiency of 20%—40% by re- 
placing the genetic data of one population with a single 
numerical value, the first PC. About 60%-—80% of the 
information (i.e., variation) is thus lost, but a second 
PC can be calculated to recover as much of it as pos- 
sible. This information is less than that summarized by 
the first PC but is still a valuable addition. One can con- 
tinue with lower PCs. With only the first and second PC 
values, one can frequently obtain an excellent display 
of the relative genetic similarities of all the populations. 
This two-dimensional Cartesian diagram usually allows 
recovery of more than one third (sometimes more than a 
half) of the information contained in all the genes. The 
addition of a third PC is graphically possible but never 
as clear as the two-dimensional map. 

A PC can be described as a weighted average of all 
the gene frequencies of that population, with weights 
calculated so as to maximize the amount of information 
about a population that can be condensed into a single 
metric value. Two- or three-dimensional PC maps thus 
obtained can usefully supplement trees, but they tend to 
generate conclusions similar to those obtained by trees 
and cannot be considered an entirely independent method 
of analysis. They are likely to be more faithful descrip- 
tors of the data than trees when there is considerable 
genetic exchange between close geographic neighbors. 
There are some variations in the procedures for obtain- 
ing PCs (sec. 1.13). 


Geographic maps (sec. 1.14). Geographic maps of 
allele frequencies show the geographic distribution of an 


allele. The frequency of an allele is likely to be higher in 
the place of origin as well as in the regions where selec- 
tive factors favor it. The distinction between these two 
possible explanations of a high frequency is not always 
straightforward. The geographic distribution of specific 
alleles has been historically very important in indicating 
which mutants confer resistance to malaria, a widespread 
and serious disease. 

By constructing geographic maps of principal-com- 
ponent values, it has been possible to test hypotheses 
of early migrations and make similar hypotheses or hy- 
potheses concerning selective factors. These maps have 
been called synthetic maps (see sec. 1.15) to distin- 
guish them from the two-dimensional PC maps referred 
to above. 


Isolation by distance (sec. 1.16). Practically all pop- 
ulations exchange migrants with geographic neighbors, 
and the accumulation of this phenomenon over gen- 
erations provides a strong correlation between the ge- 
netic distance of two populations and their geographic 
distance. This seems to be a general rule in human 
populations. Of the several methods of testing it, we 
have used an especially simple one, extending it to 
much greater geographic distances than done in the 
past. 


Admixtures (sec. 1.17). Fissions, followed by in- 
dependent evolution in the two branches formed af- 
ter each fission, must have had an important part in 
shaping the genetic history of humans. In many cases 
human populations that evolved, after fission, in dif- 
ferent regions may also have exchanged migrants with 
new neighbors found in their new habitats. Genetic ex- 
change probably became progressively more important 
with the increase of transportation, but it also must 
have had an impact in the early history of human 
evolution. 

Predicting the consequences of genetic exchanges is 
especially easy for the simplest situation, in which a 
population is the result of admixture (recent or not) be- 
tween two or more ancestral populations. Migratory ex- 
change alters the distance matrix in ways that can be 
easily predicted in more complex situations if the migra- 
tion patterns are well known, but this is rare. The fitting 
of usual dichotomous trees does not include admixture 
in the underlying evolutionary model, and there is still 
no completely satisfactory method of analysis for “net- 
works” (trees complicated by interconnections between 
branches), except in simple cases. A complete analysis 
of reticulate evolution remains largely a task for the fu- 
ture, but a beginning has been made (for an example, 
see sec. 2.4). 


1.11. GENETIC DISTANCES 


Genetic distances are a special example of “distances” 
between populations, an important chapter in statistical 
methodology. The many applications to anthropometric 
traits— beginning in the last century (Heincke 1898) — 
and the great number of existing formulas attest to the 
need for summarizing the information available from 
many characters in order to sharpen the analysis of pop- 
ulation differentiation. The art of measuring distances 
for many quantitative traits culminated in the creation 
of Mahalanobis’s (1936) “generalized distance,” which 
is the natural measure for traits normally distributed and 
correlated when the matrix of intercorrelations between 
traits within a population is the same for all populations. 

Gene frequencies, however, are not normally dis- 
tributed. The matrix of correlations within populations 
is not easy to measure directly, but it can be inferred 
with little error using the expectations of binomial vari- 
ances and covariances for alleles of the same gene, and 
setting equal to zero all correlations in a population be- 
tween alleles of different, unlinked genes. Thus, the ma- 
trix within populations is made up almost entirely of ze- 
ros and differs from population to population, making 
the Mahalanobis approach less than optimal. A first at- 
tempt at generating a distance appropriate to the statis- 
tical properties of gene frequencies involved the use of 
the “angular transformation.” This originated from a sug- 
gestion given personally to the senior author by R. A. 
Fisher and is equivalent, for a single locus, to a for- 
mula proposed earlier by Bhattacharrya (1946). Various 
slightly different formulas based on the angular transfor- 
mation were proposed later by Cavalli-Sforza and Ed- 
wards (1964). The angular transformation is still used, 
but an alternative measurement proposed by Nei has be- 
come more popular. Nei reviews the whole field in a 
long chapter of his 1987 book, in which many relevant 
formulas and references can be found. For applications 
to human data, see also Jorde (1985). In table 1.10.1 we 
show the most frequently employed of Nei’s formulas. 

The simplest form of genetic distance between two 
populations for one biallelic gene would be the differ- 
ence between their gene frequencies. If the gene frequen- 
cies are x and y, the distance would be simply x — y. 
Averaging over genes, one should of course neglect the 
sign of the difference, but, as in most statistical appli- 
cations, the square of the difference, (x — y)*, would be 
more appropriate. This is still unsatisfactory as a measure 
of distance, given that gene frequencies closer to 0% or 
100% would then have a lesser weight than intermediate 
ones. Genetic theory shows that, especially if random 
genetic drift is the cause of population differentiation, 
the problem is largely eliminated by calculating 


d = (x — y)?/[2P(1 — P)], (1.11.1) 
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where P is, strictly speaking, the unknown ancestral gene 
frequency common to all the populations and, in prac- 
tice, the mean gene frequency calculated from all the 
populations being considered. A quantity Fsr first sug- 
gested by Wright (1951) (also called Wahlund variance; 
Cavalli-Sforza and Bodmer 1971a) is 


For = V,/ p=?) 


where V, is the variance between gene frequencies of a 
set of n populations, and p their average gene frequency 
(see also table 1.10.1). With two populations, equations 
(1.11.1) and (1.11.2) give the same result. Because of a 
property of the variance, the average of d values between 
all possible population pairs formed from n populations 
equals the Fs; between the n populations. Another useful 
property is that the distance between two clusters formed 
of n; and nz populations can be calculated by averaging 
the distances between the n; X n2 population pairs formed 
by all the two-by-two combinations of the members of the 
two clusters. A further advantage is that one obtains the 
same distance for a locus if one calculates it allele by al- 
lele and averages the results, or if one considers the whole 
locus at once with all its alleles. These convenient proper- 
ties are only shared in part by Nei’s distances. 

When there are many genes, one averages the dis- 
tances obtained with each gene, preferably weighting by 
the denominator of each distance. Special terms have to 
be added in order to correct for sampling error when 
sample sizes are small; the more elaborate formulas thus 
obtained by Weir and Cockerham (see Reynolds et al. 
1983) are shown in table 1.10.1. The name given by 
these authors, coancestry coefficient, is unfortunately a 
misnomer, as it seems to indicate a measure of similar- 
ity, while it is really a measure of distance. We prefer to 
call this an Fs7 distance, because it certainly belongs to 
the F's; family (as the angular distance). Through exten- 
sive simulations with this and other distances, Reynolds 
et al. concluded that F'sp is more satisfactory than Ne1’s 
distance when only a few new mutations emerge in the 
evolutionary time period examined. 

This is the situation for the period of evolution of 
modern humans, and we have therefore decided to use 
the F'sp distance consistently. In our 1988 paper (Cavalli- 
Sforza et al. 1988) we adopted a modified version of 
Nei’s distances. Every allele was considered as an allele 
of a biallelic locus. Weighted averages over all alleles 
and loci were calculated, with weights given as in for- 
mula (14) of table 1.10.1. This was made necessary by 
the incompleteness of the data matrix as not all alleles 
and loci were represented in all populations. In every 
analysis of trees and PCs, we give the average number 
of independent alleles and its standard error. For com- 
plex loci, as, for example, RH, there was some duplica- 


(1.11.2) 
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tion of haplotypes and allele data. In the 1988 paper we 
unfortunately did not mention the use of a modified Nei 
distance. Figure 2.3.3 will show that there is a very good 
correlation between Fs; and modified Nei distance. 

Our major interest is to evaluate evolutionary time 
according to the basis of the genetic distance between 
populations. For this purpose, an Fs7 value calculated 
according to equation (1.11.1) must be made propor- 
tional to evolutionary time. F'sp increases with time, un- 
der drift, as 


d = Foy = 1 — exp(—t/2N) (1.41.3) 


where exp is the exponential function, f¢ is the time in 
generations, and WN is the effective population size (see, 
e.g., Crow and Kimura 1970; Cavalli-Sforza and Bod- 
mer 1971a). For simplicity, N is assumed to be the same 
for all populations. 

The quantity, 


D = —log(1 — d) = t/2N, (1.11.4) 


where log is the natural logarithm, is for d << 1 pro- 
portional to separation time ¢, and the proportionality 


1.12. PHYLOGENETIC TREE ANALYSIS 


1.12.a. DEFINITIONS 


Here we examine in some depth the methods of recon- 
struction of trees and the problems that may arise in their 
interpretation. We do not specifically describe the details 
of the techniques, which can be found in the original 
publications or in available computer programs. The 
section may be of special interest to readers engaged 
in using trees for research problems. We hope other 
readers will get some idea of the major conclusions. To 
put them in a nutshell, trees are fallible friends. They 
are invaluable for summarizing extensive bodies of data, 
and there exist indirect ways of evaluating how complete 
and trustworthy is the summary they offer, or for iden- 
tifying major loopholes. At the moment, trees form the 
only way of inferring evolutionary histories. They are no 
better than the data on which they are based, as is true 
of all statistical methods. The most common weakness 
of real data is the low number of genes available. We 
are aware that we have occasionally worked below the 
limits we consider acceptable, 50 or more independent 
alleles (which we also call, for simplicity, genes, 1.e., 
the number of alleles at a locus minus one, summed over 
all loci); but in general our trees are based on more genes 
than those in most other publications. We have achieved 
this in part by allowing a somewhat larger fraction of 
missing items than is usually accepted, on the basis 
of considerations and safeguards explained below. The 
alternative is to trim down data matrices (populations 
x genes) by cutting populations and genes until gaps in 


constant is 1/2N. We refer to D as the genetic distance, 
and we use it in all phylogenetic analyses. 

In general, distances calculated by different formulas 
are always highly correlated. A study of a very diverse 
group of distances (Karlin et al. 1979) showed that they 
tend to give similar results. Nevertheless, different dis- 
tances used on the same set of data may give somewhat 
different results in tree analysis which may be very sensi- 
tive to small changes in the distance matrix. This is often 
perceived as embarrassing. But differences in results em- 
ploying different methods of measuring distances tend to 
arise more often when the dissimilarities between pop- 
ulations are small (and probably trivial when compared 
with standard errors). Therefore, such discrepancies are 
often unimportant. 

Although some formulas for calculating theoretical er- 
rors of genetic distances exist (Nei 1987), we prefer to 
estimate them by the bootstrap, a statistical method 
described in the next section (see also Pamilo 1990). 
Throughout this book we use F'sz distances (coancestry co- 
efficients), and in a few cases we compare them with Ne1’s 
distances as calculated by formula (14) of table 1.10.1. 


the matrix have disappeared or have been reduced below 
some very small fixed amount; missing items are then 
filled, for example, by averaging geographic neighbors. 
This procedure almost invariably generates data sets that 
have too few genes to be informative. 

That all living beings have a common origin, and 
therefore the connections between the various forms in 
existence can be represented by trees of descent from a 
single ancestor, is a basic belief expressed in Darwin’s 
Origin of Species (Darwin 1859). The revival of gen- 
eral interest in tree representations in recent years was 
stimulated by the development of numerical taxonomy 
(Sokal and Sneath 1963; Sneath and Sokal 1973), the 
analysis of relations between species by means of algo- 
rithms allowing the rapid and objective construction of 
taxonomies, which usually take the form of trees. The 
new discipline relied heavily on the use of computers, 
without which it would have been difficult to study ade- 
quate numbers of species (or more generally OTU, oper- 
ational taxonomic units) and characters. Comparing the 
first and second editions of Sokal and Sneath’s work, it 
is clear that they initially had no interest in evolutionary 
applications but aimed at searching objective classifica- 
tions for “general purposes.” Two major systematists of 
the eighteenth century, Carolus Linnaeus and Michael 
Adanson, created classifications of plants and animals 
before there was a belief in common origin and evolu- 
tion of living beings. The second edition of Numerical 
Taxonomy however did contain a chapter dedicated to 
evolutionary analysis. 


The definition of a taxonomy dedicated to general pur- 
poses does not necessarily cover evolutionary aspects, 
but in some cases may come close to it. In an at- 
tempt to specify more clearly purposes for developing 
a taxonomy, three types of definitions were considered 
by Edwards and Cavalli-Sforza (1964): (1) formal—the 
processing of information with purely descriptive aims; 
(2) applied or practical —based on special characters rep- 
resenting a specific interest; a classical example is the 
classification of dog breeds by their skills (see John Caius 
in Edwards and Cavalli-Sforza 1964); (3) evolutionary — 
reconstruction of phylogenetic history. 

Different names have been suggested for trees recon- 
structed for the first and for the third aim: dendrogram 
and cladogram, respectively, but the use of these terms 
may be deceptive for it reflects more often the aims and 
hopes of the research worker than the result achieved. 
Another recently introduced term, phenogram, which is 
usually synonymous with dendrogram, is a misnomer 
when it refers to data on genotypes, such as those we 
employ. Should the trees we use be called genograms? 
Tree seems accurate and short, and if necessary it can 
be specified by the attribute “phylogenetic.” 

Recently zoologists and botanists (calling themselves 
“cladists”) have been interested in developing robust 
methods for the reconstruction of evolution based on 
a careful choice of characters that are most informa- 
tive for this goal (see Hennig 1966; Farris 1973; Sober 
1988). These methods, however, are not easily extended 
to the study of human populations based on gene fre- 
quencies. Some of the relevant differences are the fol- 
lowing: the processes studied by cladists reflect evo- 
lution taking place over time spans longer by two or 
more orders of magnitude; the degree of differentiation 
is correspondingly much greater, whereas in human pop- 
ulations it is often near the limit of resolution; unlike 
the often-distant species studied by systematists, human 
populations are likely to exchange individuals; perhaps 
most important of all, gene frequencies have statistical 
and evolutionary properties very different from those of 
the traits commonly used in cladistic analysis; moreover, 
cladists have decided to use exclusively “maximum par- 
simony” methods, to which we shall return. There seems 
to be less in common between the problems presented by 
the two types of traits used in ordinary cladistic analysis 
and in gene-frequency analysis than might be expected, 
considering that evolution (whether macro- or micro-) 1s 
always the topic being studied. 


1.12.b. METHODS OF RECONSTRUCTING 
PHYLOGENETIC TREES FROM 
GENE-FREQUENCY DATA 


Quantitative methods designed specifically for phy- 
logenetic analysis were presented for the first time at 
the International Conference of Genetics at the Hague in 
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1963 (Cavalli-Sforza and Edwards 1964) for the purpose 
of analyzing data based on gene frequencies of human 
populations. Four methods were developed initially (in 
1962-1963) and were described in more detail in 1967 
(Cavalli-Sforza and Edwards 1967). They are summa- 
rized below as methods 1, 2, 3, and 5. Many other meth- 
ods have since been added, some of which are described 
in Sneath and Sokal (1973). We will consider only two 
other methods (4 and 6), which are more widely em- 
ployed for our specific purposes. 

1. Method | is based on the analysis of variance, 
searching for the clusterings that maximize the ratio of 
variances between to the variances within the clusters re- 
sulting from each branching. Edwards and Cavalli-Sforza 
(1964) called it cluster analysis; a similar method was 
put forward independently (Ward 1963) and is available 
in the SAS statistical package (SAS Institute 1985 and 
later versions). 

2. The second method estimates the amounts of evo- 
lution occurring in every segment of the tree, based 
on the hypothesis that the sum of the segments sepa- 
rating two populations in the tree must equal, within 
Statistical error, the genetic distance observed between 
them. The best possible tree is chosen as that giving the 
least sum of squared differences between the estimated 
and observed distances of each pair of populations. This 
was called an additive tree or a least-squares tree, and 
the method was employed for the first tree published in 
the 1964 paper. The algorithm used was published by 
Cavalli-Sforza and Edwards (1967). A similar method 
was proposed by Fitch and Margoliash (1976), in which 
differences were weighted on the basis of their standard 
errors. 

3. Maximum likelihood is a classical method of sta- 
tistical inference developed for fitting theoretical models 
to observed data (the least-squares method is a special 
case of maximum likelihood, valid under certain restric- 
tive assumptions). In the present case, the model was 
based on the assumption of random variation of gene 
frequencies at a constant rate in all segments formed af- 
ter fissions. This classical method of statistical inference 
proved unusually difficult to apply for the tree problem 
(Cavalli-Sforza and Edwards 1967); it was only much 
later that it could be perfected (Felsenstein 1973; Thomp- 
son 1975). 

4. Average linkage (UPGMA, Unweighted Pair-Group 
Method using arithmetic Averages), was suggested by 
Sokal and Michener (1958) for numerical taxonomy. It 
chooses the population pair with the smallest distance 
between the members and makes it the lowest split in 
the tree. The two populations are pooled, and the ma- 
trix of distances is thus decreased by one; the process 
is repeated, until only two populations are left. It was 
not immediately clear that this method had a number 
of interesting features, which were revealed essentially 
by simulation experiments. It is one of the most pop- 
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ular methods today and has been used consistently in 
this book; it will therefore be further discussed later in 
some more detail (sec. 1.12.g). 

5. The minimum-path or minimum-string model is a 
method based on minimizing the sum of the distances be- 
tween populations in the character space. This was devel- 
oped and used to construct the unrooted tree projected on 
the world geographic map (Edwards and Cavalli-Sforza 
1964). It was the first example of “minimum evolution,” 
a principle similar but not identical to “maximum parsi- 
mony,” to be discussed later. The Neel group used it ex- 
tensively for studies of phylogenesis in South American 
Indians (see chap. 6). 

6. Saitou and Nei (1987) suggested a method called 
neighbor joining, which could also be considered a 
method of minimum evolution. In spite of its newness, 
neighbor joining has become fairly popular. It gives 
results similar, but not identical, to those of the minimum- 
path method, primarily because it usually employs ge- 
netic distances other than Euclidean distance in the 
gene-frequency space, which is used in the minimum-path 
program. To our knowledge, a systematic comparison of 
the two methods has not been made. 

All these methods give similar, but usually not iden- 
tical, results when applied to the same data. However, 
criteria for choosing a theoretically optimal method are 
not easy to find. The majority of methods also present 
several practical limitations. 

A major theoretical problem is the hypothesis or set 
of hypotheses underlying the method of reconstruction. 
This is entirely clear only for maximum likelihood, 
which assumes constant evolutionary rates and has been 
recently extended to include admixtures (see sec. 1.17). 
For all other methods, the underlying hypotheses are less 
clear, but average linkage and additive tree have been 
shown by simulation to give results close to those of 
maximum likelihood (sec. 1.12.g). 

A major practical problem is the number of trees to 
be examined, which can be very large, as we see in the 
next subsection. With the exception of average linkage, 
all methods demand the analysis of all possible trees, 
or a large fraction of them, to determine which tree is 
best. Its simplicity and the similarity of its results to 
those obtained by maximum likelihood are the reasons 
we chose average linkage for our analysis. 


1.12.c. THE NUMBER OF POSSIBLE TREES 


The number of possible trees obtained by successive 
bifurcations grows extremely fast with the number of 
populations. To count all the possible trees, it is nec- 
essary to distinguish two types of trees, rooted and un- 
rooted. 

Unrooted trees give no indication of the origin, that 
is, the root, or initial split or branching. For instance, 
with three populations, there is only one unrooted tree; 


with four populations (A,B,C,D), there are three possi- 
ble trees: 


Unrooted trees: 


A BC DB A CB D A DB © 


Table 1.12.1 gives the numbers of trees for higher 
population numbers. 
Three populations result in three rooted trees: 


Rooted trees: 


Adding a fourth population increases the number of 
trees to 15. For higher numbers, see table 1.12.1. 

A topology is the form of a tree. Strictly speaking, 
a topology is independent of the populations attached 
to the branches (Cavalli-Sforza and Edwards 1967). For 
example, all rooted trees with three populations are of 
a single topology, and rooted trees of four exist in two 
topologies. In figure 1.12.1, the two topologies are the 
two trees at the extreme left and right. In practice, how- 
ever, the number of topologies tends to be used synony- 
mously with the number of trees. 

The existence of a large number of possible trees 
is a serious obstacle. As mentioned above, almost all 
methods demand that all possible trees be tested in order 
to establish which is the best. Moreover, a few methods 
(in particular, maximum likelihood) demand nontrivial 
computer time, even for testing a single tree. With the 
most complicated methods, it may be very demanding or 
impossible to test exhaustively all the trees for as few as 
six or seven populations. In practice, one bypasses the 
problem of testing all possible trees by selecting with a 
simple method (e.g., the first or the fourth) an initial tree 


Table 1.12.1. Enumeration of Possible Rooted and Unrooted Trees 


No. of Populations No. of Unrooted Trees No. of Rooted Trees 


n (2.n-5)1!" (2n-3)!!" 

3 1 3 

4 3 15 

5 15 105 

6 105 945 

8 10395 1.25 x 105 
10 2.03 x 106 3.44 x 107 
15 7.91 x 1012 2.13 x 10'4 
20 2.22 x 1020 8.20 x 1021 


*ForoddN: N!it=1x3x5x..XxWN. 


generating tree: A 


A 


Fig. 1.12.1 Left, Four populations have been gener- 
ated by three fissions and have undergone evolution at 
the same rate; hence, the segments representing the total 
amount of evolution from the common ancestor have the 
same total length. Center, After the second fission, more 
rapid evolution occurred in the branch leading to A. 
Right, Reconstruction of the tree of descent according to 
the hypothesis of constant evolutionary rates generates 
the tree at the right, in which the root is misplaced. 
(From Cavalli-Sforza and Piazza 1975.) 


that gives a reasonable fit; then one tries to improve on 
the initial tree by modifying its structure and testing the 
goodness of fit of every new tree. The same can be done 
with an initial random tree or with several. In general, 
good trees near the best one show trivial differences in 
the goodness of fit. Especially when many populations 
are being examined, it is difficult, however, to avoid the 
nagging feeling that the best tree has not been identi- 
fied and that there exists another, better tree that shows 
important differences from the one selected. 


1.12.d. THE LOCATION OF THE ROOT 


The location of the root is an important and difficult 
problem. When first confronted with it (in the paper pub- 
lished in 1964), Cavalli-Sforza and Edwards decided to 
place the root in the middle of the tree arc connecting the 
two most distant populations, Africans and Australians 
(see sec. 2.3). The root thus fell among Europeans and 
West Asians, a conclusion no longer considered correct 
by us and by many others. In principle, this method can 
generate errors; moreover, the small number of available 
genes may have contributed to the shift in root location 
in that first attempt (see sec. 2.3). 

In general, the root can be located by using evidence 
internal to the tree or external to it. Internal evidence 
ordinarily uses the hypothesis of constant evolutionary 
rates. The rate of evolution is the amount of evolutionary 
change —usually measured as a genetic distance between 
an ancestor and a descendant—divided by the time in 
which it occurred. 

Students of quantitative evolution have discussed the 
hypothesis of the constancy of evolutionary rates in com- 
parisons between species. The accuracy of the molecular 
clock, the estimate of the time elapsed since the sepa- 
ration of two species based on genetic distance between 
them, depends on the validity of this hypothesis. A 
volume of the Journal of Molecular Evolution published 
in 1987 and edited by T. H. Jukes is dedicated to the 
molecular clock. One fairly widely accepted conclusion 
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(Goodman 1985) is that there has been a slowdown in 
the evolution of hominoids compared, for example, with 
that of rodents and equines. A reasonable explanation is 
that hominoids have unusually long generation times, 
causing lower mutation rates per unit of astronomical 
time. Comparisons between species, however, usually 
refer to long times, which differ by one or more orders 
of magnitude with those within the human species. They 
usually depend on numbers of mutational differences, 
which are independent of drift, whereas genetic distances 
based on gene-frequency differences, such as those we 
study, are largely determined by drift. Conclusions from 
species comparisons are therefore best kept separate from 
those based on intraspecific differences. 

In chapter 2 we test the hypothesis of constant evolu- 
tionary rates in the case of human gene frequencies, with 
good results when comparing major populations occupy- 
ing a whole continent or a large part of it. In other cases, 
the method may fail, essentially because of the vagaries 
of population sizes, as discussed later. In figure 1.12.1 
we give a simple example with two trees of four popu- 
lations, in which the length of each segment represents 
the actual amount of evolution since their origin. In the 
diagram at the left, the four populations have undergone 
the same amount of evolution. In the central tree, pop- 
ulation A has undergone much more evolution than the 
others after it separated from B; hence its distance from 
its nearest ancestor is indicated as greater than that of 
any other tree segment. Whichever method of internal 
root reconstruction is used, the root in the second tree 
will be placed between A on one side, and B, C, and 
D on the other; this root placement is the same as that 
shown in the third tree in the figure, which has a different 
evolutionary history. 

Three of the methods listed in section 1.12.b provide 
internal root evidence: cluster analysis, maximum likeli- 
hood, and average linkage. The last two are more clearly 
dependent on the validity of the hypothesis of constant 
evolutionary rates,and probably the first also depends on 
the populations available, a problem requiring further 
research. 

The only really satisfactory methods for obtaining an 
unknown root or testing its validity use evidence exter- 
nal to the data set from which the tree has been recon- 
structed. Some of this evidence is genetic and some is 
not. Three examples are given below. 


1. Fossil data for the traits used in the phylogenetic re- 
construction, if they exist, can trace the position of “‘an- 
cestors” in the tree; the similarities of these ancestors to 
living individuals or populations can help trace the root. 
Because such data are still absent or of unknown reliabil- 
ity for human gene frequencies, they are currently inade- 
quate. 

2. Knowledge from living “cousins’”—for humans, the 
nearest anthropoid apes such as chimpanzees and 
gorillas—may help choose among various possible roots. 
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Table 1.12.2. Frequency of Four Alleles at the Locus ERV3, 
Enzyme Mspl, in Primates and Several Human Populations, 
Indicating That the Origin of Allele D Is Late African, Whereas That 
of C Is Asian (Pacciarini et al. unpubl.) 


C.A.R. Zaire Mela- Cauca- 


Allele Kb Pygmies’ Pygmies nesians Chinese soids Chimps 


A 3.6 0.55 0.36 0.33 0.57 0.58 0.00 
B 2.8 0.31 0.43 0.54 0.35 0.41 0.00 
C 3.7 0.00 0.00 0.13 0.08 0.01 0.00 
D 2.9 0.14 0.21 0.00 0.00 0.00 1.00 


No. of chromosomes analyzed 


42 28 24 88 176 16 


*C.A.R., Central African Republic. 


This method is also called the outgroup method. For ex- 
ample, for a particular gene (endogenous retrovirus ERV3) 
(Pacciarini et al., unpubl.), one can find external evidence 
for the root. Of the four alleles of the ERV3 polymorphism 
known in human populations, only one is found in nonhu- 
man primates (gorilla, orangutan, chimpanzees), and it is 
the same as one of the three alleles found in Africa. This 
form is probably the ancestral form of the gene. Another 
allele is found only in human populations living outside 
Africa. This finding may support the idea that the most di- 
rect descendants of modern humans are Africans and that 
other human alleles found only outside Africa probably 
originated in Asia after the passage of modern humans 
from Africa to Asia (table 1.12.2). There are, however, 
other possible explanations of the phenomenon, and of 
course one gene is not enough to determine the position 
of the root for the whole species (see also Mountain et al. 
1992). 

3. The most important nongenetic source of information 
for locating the root comes from paleoanthropological and 
archaeological evidence on the origin of the species, when 
available and unambiguous. The relevant information for 
human evolution is discussed in chapter 2. 


1.12.e€. DNA SEQUENCES, MAXIMUM PARSIMONY 
AND MINIMUM EVOLUTION 


The analysis of trees on the basis of DNA sequences 
could be carried out using as genetic distance the num- 
ber of changes between two sequences and the methods 
developed for quantitative traits like gene frequencies. 
The current custom, however, is to employ methods of 
maximum parsimony suitable for qualitative traits; these 
methods choose the tree that minimizes the number of 
qualitative changes necessary for obtaining the observed 
tree (Farris 1972; Swofford 1989). These methods have 
been forcefully advocated by cladists for use in studies 
based on qualitative phenotypic traits and are believed to 
be especially useful for reconstructing phylogenies. (An 
excellent review and analysis of the field was published 
by Sober [1988]; see references therein.) 

Counting the minimum number of mutations neces- 
sary for determining an observed difference between two 


DNA sequences is the simplest way to determine the 
genetic distance between them. It does not necessarily 
give the number of evolutionary steps that have actu- 
ally occurred, since single nucleotides may have under- 
gone reversions or more complex cycles of mutation. 
One nucleotide difference does not necessarily mean 
one mutation, and the absence of nucleotide differences 
does not mean a lack of mutation. More complex muta- 
tional events like deletions, insertions, or transposition 
of several nucleotides are less likely to recur and hence 
have greater evolutionary weight. They are also rarer, 
and the majority of changes in sequences involve sin- 
gle nucleotides. The weight to give to different types of 
changes is a challenging problem. 

Given the above, it does not necessarily follow that 
a method of tree reconstruction minimizing the num- 
ber of mutations is the best or uses all the informa- 
tion contained in the sequences. The minimization of 
the number of mutations is intuitively attractive because 
we know that mutations are rare. There may be some 
confusion, however, between the advantage of minimiz- 
ing the number of mutations and the sometimes invoked 
parallel of Ockham’s razor (entia non sunt praeter ne- 
cessitatem multiplicanda, meaning “entities should not 
be multiplied without necessity”), which was developed 
in the context of medieval theology. The extrapolation 
of Ockham’s razor to the number of mutations in an 
evolutionary tree 1s hardly convincing. 

The real weakness of the parsimony approach is that 
it does not contain a testable scientific hypothesis. Its 
use does not follow the standard scientific procedure of 
setting up a model that can be tested empirically, and 
rejected or modified if necessary. Specific evolutionary 
models like that of constant evolutionary rates, indepen- 
dence in evolution, etc. provide specific expectations 
that can be tested, although sometimes with difficulty. 
A more accurate analysis, therefore, shows that the intu- 
itive attraction of maximum parsimony is not necessar- 
ily a guarantee that the approach is entirely rigorous. An 
attempt at presenting maximum parsimony as a model 
(Sober 1988) and reconciling it with maximum likeli- 
hood does not seem convincing. 

Maximum parsimony methods do not provide a loca- 
tion for the root, which must be obtained by other cri- 
teria. Maximum likelihood provides a root and also has 
been developed for trees depending on discrete data like 
the number of mutational differences (Langley and Fitch 
1973). It could be used for sequences but may be even 
more demanding of computer time than maximum par- 
simony. In principle, also, methods developed for gene 
frequencies could be used directly for matrices of ge- 
netic distances based on counts of differences for dis- 
crete traits like mutations. Simulations might be useful 
for testing their validity. 

A method designed for gene frequencies, like the 
minimum-path method (see sec. 1.12.b), 1s parsimo- 


nious and is the first such method historically. But par- 
simony of the evolutionary path in the gene-frequency 
space is not the same as parsimony in the number of 
mutations. The number of mutations that actually oc- 
curred may be exactly equal to that counted by maxi- 
mum parsimony, though the actual number of mutations 
generally tends to be higher, on the average, because of 
reversions. The probability that the evolutionary path 
in the gene-frequency space will be the same as the 
minimum path is practically zero. Evolutionary routes 
reconstructed by the minimum path are straight lines 
in the gene-frequency space, but under random drift, 
which has certainly played a role, the true evolutionary 
paths will be more similar to that of a particle under 
Brownian motion, and therefore extremely tortuous. 
Similar objections apply to the neighbor-joining method. 

Some evidence shows that the minimum-path method 
is not the best for reconstructing a phylogeny on the ba- 
sis of gene frequencies when the evolutionary rate 1s, 
on the average, constant. Simulations to test this point 
(Astolfi et al. 1981) compared the five methods listed 
in section 1.12.b (excluding neighbor joining, which 
did not exist at the time). Maximum likelihood was, 
not surprisingly, the best method, followed closely by 
least squares and average linkage, which were practically 
as good. Cluster analysis was definitely worse, but the 
worst of all was minimum path, which consistently recon- 
structed trees with more errors than all the other methods. 
This simulation does not tell us how the minimum-path 
method would perform if the hypotheses of constant evo- 
lutionary rate and of independence of evolution in the var- 
ious branches were not satisfied. However, the deviations 
from such hypotheses could happen in many different 
ways, and this complex problem remains to be explored. 


1.12.f. STATISTICAL ERROR IN TREE BUILDING 


The test of goodness of fit of a tree is a delicate mat- 
ter. Gene frequencies do not satisfy the requirements of 
normality with constant variance. The nature of a tree 
is so different from that of other statistical approaches 
that the usual concepts like standard errors or confidence 
intervals cannot be applied to its form. The most satis- 
factory method available today for testing the effects of 
sampling error on tree inference is the bootstrap analysis 
(Efron 1982). Its basis is the resampling with replace- 
ment of the original data matrix. By producing a random 
sample of the genes employed, one can obtain a new 
data matrix that can be considered an independent sam- 
pling realization of the same data. In practice, from the 
original data matrix (gene frequencies by populations), 
a random sample with replacement of genes is taken, 
generating a new matrix in which some of the genes 
appear only once, others two or more times, and quite a 
few (about one third) have completely disappeared. The 
total number of genes after each resampling of the matrix 
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is the same as the original, and the populations remain 
exactly the same in every bootstrap repetition. The num- 
ber of repetitions of the bootstrapping procedure depends 
on available computer time; 50 or 100 are usually ade- 
quate. The tree analysis (or any other desired analysis) 1s 
repeated on each new matrix generated from the original 
one by a new resampling. 

Felsenstein (1985) introduced the use of bootstrapping 
for testing the stability of tree nodes. The frequency with 
which a given node reappears in independent bootstrap 
samples is thus evaluated. The standard error of this 
frequency is easily obtained using the total number of 
bootstraps. With trees on many populations, however, 
one cannot expect this frequency to be very high, and it 
would be unrealistic to expect it to reach levels as high as 
those customarily employed in significance testing (e.g., 
95% or 99%). Examples of applications to real trees are 
given in subsequent chapters. 

Using the bootstrap analysis, one can calculate the 
standard errors of predetermined quantities like lengths 
of specific branches. One can then test whether these 
lengths differ significantly from zero, assuming a nor- 
mal distribution with standard error calculated from the 
bootstrap. The nature of the resampling process tends to 
generate distributions for most bootstrapped values that 
are close to normal, even for quantities that are usually 
not normal. This makes the use of the standard probabili- 
ties from the table of the normal distribution adequate for 
testing significance in conjunction with the standard er- 
ror derived from the bootstrap. All standard errors given 
in our tables, for segments or for genetic distances, were 
calculated by bootstrapping. Segments of small length 
compared with their standard error may be replaced by 
tri- or multifurcations. Several other significance tests 
that would be difficult to perform using normal proce- 
dures may be arranged in a simple way by bootstrap. 

Bootstrapping also supplies useful information by not- 
ing whether a population tends to reassociate with a dif- 
ferent cluster, when, on resampling, it leaves the cluster 
of populations with which it is normally associated. This 
reassociation indicates fairly close relationships with one 
cluster or another and may be indicative of earlier admix- 
ture, to be tested more directly with other procedures. 

The introduction of the bootstrap has been a major 
addition in tree testing, since it has made a number of 
validity tests possible and easy by providing standard 
errors for the quantities usually calculated in tree recon- 
struction. 


1.12.g. TREENESS AND THE DISCOVERY OF 
DEVIATIONS FROM THE SIMPLEST MODEL 
OF EVOLUTION 


Constancy of evolutionary rates and independence of 
evolution of the segments of a tree, two important prop- 
erties of the simplest evolutionary model, lead to a very 
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characteristic property of the matrix of distances between 
all pairs of populations. In a population tree, such as in 
the example of seven populations shown in figure 1.12.2, 
one expects the matrix to have the block structure shown 
in the figure; that is, any two populations across the same 
node should have the same distance. For a simple visu- 
alization of this property, the populations in the distance 
matrix must be ordered so that populations belonging to 
the same node —that is, evolving from a common ances- 
tral population—are adjacent to each other. In the dis- 
tance matrix of figure 1.12.2, the populations are thus 
ordered; the blocks of distances expected to be identical 
are enclosed in rectangles. 

The block structure of the matrix corresponds to the 
principle that a rooted tree is identified by (nm — 1) dis- 
tance parameters, where n is the number of populations 
and n — | is the number of nodes. Empirical distances 
are affected by statistical error, but in a good empirical 
matrix the block structure is recognizable if rows and 
columns have been correctly ordered. Deviations from 
this expectation can, in principle, be tested by appropri- 
ate statistical methods, one of which was based on the 
maximum-likelihood method (Cavalli-Sforza and Piazza 
1975), called the treeness test. 

The treeness test we developed originally is difficult to 
apply, especially to large trees. In section 2.4, we give 
an analysis by bootstrap of a simple hypothesis in a five- 
population tree. This example can easily be extended to 
other situations. A simple, qualitative application of the 
treeness test is shown in various tables in chapters 3-7, 
where we show in rectangular boxes distances that are 
expected to be equal under a specific tree hypothesis. A 
real example is given in table 2.4.2. 

There are two major sources of variation in evolu- 
tionary rates of gene frequencies that come to light by 
testing treeness: true variation, caused by different rates 
of random genetic drift and/or to the presence of natural 
selection in the various branches, and false variation, 
caused by population admixtures. 

If only selectively neutral characters are used for the 
calculation of distances, natural selection does not dis- 
tort the picture. It is likely that only some genes will 
be affected by strong natural selection and then only in 
some situations. The analysis of Fsy values, which we 
consider in chapter 2, provides some guidance. The pres- 
ence of natural selection is not necessarily misleading for 
the purpose of reconstructing evolution. If it acts on all 
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Fig. 1.12.2 A theoretical distance matrix for a tree of 
seven populations. 


populations in a parallel way, it has no biasing effect 
(Cavalli-Sforza and Edwards 1967). If natural selection 
varies more or less randomly over time, space, or both 
(selective drift; Crow and Kimura 1970), its effects may 
be confounded with those of random genetic drift, de- 
scribed later. The forms of natural selection that can be 
especially misleading for our purposes are strong direc- 
tional selection occurring only in some populations and 
environments, and selection for the heterozygote with 
strong differences in various environments and popula- 
tions. Such situations do occur but may be relatively rare 
for the polymorphisms that we study most frequently. As 
long as they affect only a fraction of our genes, they may 
have little effect on distances. 

Because drift is a function of population size, strong 
variations in population size—in particular, strong past 
bottlenecks —may cause a departure from a constant evo- 
lutionary rate. When population size is small (Ne, see 
sec. 1.4), one expects, on the average, greater changes 
in gene frequency under drift at every generation. Thus, 
when Ne is small, evolutionary rates caused by drift 
are, on the average, large. It is not easy to be aware 
of past bottlenecks since demographic history is usually 
unknown. It is easy to understand that isolates that are 
small today are most likely to have had strong drift ef- 
fects. In principle, such populations tend to differ from 
other populations of the same geographic or ethnic ori- 
gin, but they are not likely to show similarities with 
other geographically more distant and genetically unre- 
lated populations if enough genetic markers are consid- 
ered. They therefore tend to behave as outliers in a tree. 
This is not, however, the only mechanism by which out- 
liers arise, and we discuss several situations of this kind. 

Given that past population bottlenecks are often un- 
known, we usually avoid considering single small popu- 
lations and often pool them with others known to be re- 
lated for ethnic, anthropological (physical), or linguistic 
reasons that make a common origin likely. By forming 
population clusters and averaging their gene frequencies, 
one maximizes the chance that evolutionary rates are also 
averaged and thus differ less between clusters. How- 
ever, we analyzed populations of special interest with- 
out pooling with others. The Yanomama are an example 
of a fairly small tribe that has drifted extensively from 
other South American aboriginal populations and has 
also been sampled completely, thus forming a nonneg- 
ligible proportion of all South Amerindian data. When 
they were averaged with neighboring South Amerindians 
they had a minor effect on the group means. When con- 
sidered separately and analyzed with methods that allow 
us to observe individual branch lengths, like additive 
trees and minimum path, the effect of drift in producing 
long branches was clearly noticeable. 

Another important cause of variation in branch length 
is an artifact resulting from the admixture of two pop- 
ulations. When two populations are geographically dis- 


tant from one other, their admixture per generation from 
individual intermigration is usually small or negligible. 
There are, however, other important opportunities for 
admixture: major fusions between populations may take 
place in critical periods of the history of two tribes, in 
which the usual restrictions to exogamy between tribes 
are relaxed and mixed populations emerge. Admixture 
of two populations that were initially quite different ge- 
netically gives rise to a genetically intermediate popu- 
lation, and its properties stand out rather clearly in dis- 
tance matrices and in trees reconstructed with methods 
not assuming constant evolutionary rates, because they 
have shorter branches. One can thus use genetic evidence 
internal to the tree to detect putative admixtures; some- 
times historical or other types of information support 
the hypothesis. Admixtures and their consequences in 
tree reconstruction are discussed briefly in section 1.17. 


1.12.h. THE RATIONALE FOR OUR CHOICES 


The multiplicity of available methods of tree recon- 
struction was inevitably a source of uncertainty, but an 
important contribution to the choice came from simula- 
tion experiments (Astolfi et al. 1981), in which the ef- 
ficiency of various methods for tree reconstruction was 
tested on a set of random trees generated on the assump- 
tions of independent evolution, constant probability of 
branching, and constant evolutionary rates. In these sim- 
ulations, the correct form of the tree was known and had 
to be inferred from analysis of the simulated data. We 
have already mentioned in sec. 1.12.b. that maximum 
likelihood gave the least error, as expected since the hy- 
potheses on which it is based correspond exactly to those 
of the simulations. Fortunately, the simplest method, av- 
erage linkage, was somewhat unexpectedly similar in 
behavior to maximum likelihood. Similar results were 
obtained in simulations by others (quoted by Nei 1987). 

As mentioned above, average linkage also has the con- 
siderable advantage of leading directly to the best tree, 
and therefore—unlike nearly all other methods—does 
not require the testing of many other trees. Because, like 
maximum likelihood, it implicitly relies on the hypothe- 
sis of constant evolutionary rates, it directly produces a 
rooted tree. The root is valid if the hypothesis is verified. 

It is somewhat ironic that trees obtained by average 
linkage—a method commonly used to produce dendro- 
grams (subsection |.12.a)—are good candidates for be- 
ing considered cladograms. This, of course, 1s not tanta- 
mount to saying that a tree obtained by average linkage 
is necessarily correct or can be labeled a cladogram. One 
can rely on the fact that its results are close to those of the 
maximum-likelihood method, which is the best if evolu- 
tionary rate is constant. Average linkage is also the only 
usable method if the number of populations is large. 

One weakness of average linkage is that ties aris- 
ing when more than one population pair has the same 
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distance are broken by arbitrary choice. A change of 
distance method may cause changes in the pattern of dis- 
tances between populations, which may alter the shape 
of the tree. When this happens, however, the discrepancy 
between the two trees obtained with the two distance 
methods is often trivial, because the differences between 
the two distance sets are probably small. 

In any case, one must realize that a tree with a large 
number of populations can hardly be without errors. 
Even assuming that the evolutionary hypotheses are cor- 
rect, it would take a large number of characters (genes) 
to make the chances of sampling error negligible (for 
estimates, see Astolfi et al. 1981). As an example, to 
maintain an average of one error per tree, 7 populations 
require 20 independent characters (equivalent to indepen- 
dent alleles), and 20 populations require 100 characters. 
Experience with the bootstrap is an excellent introduc- 
tion to understanding the weaknesses of a particular tree 
and to acquiring the necessary degree of humility. 

There would be no need to emphasize further the im- 
portance of using a large number of genes for reliable 
results, were it not for the serious problem of the in- 
completeness of most existing data. In order to have 
a complete populations-by-genes matrix, one should ei- 
ther collect the data, an ambitious endeavor, or sacrifice 
a great number of populations or genes. Filling empty 
cases with the general mean for the missing gene, or 
with data from neighboring populations, generates an ar- 
bitrary “smoothing” of the data, which has a systematic 
effect. It could be tolerated for only a few genes. 

In principle, it is better to use exactly the same genes 
for every population; and in the past we have followed 
this rule very strictly. Given the need for many genes, 
it has been necessary to cut down considerably on the 
number of populations. The available data in the liter- 
ature include a great number of genes and populations, 
but they have been collected by thousands of research 
workers with no preorganized plan, making it impossi- 
ble to study all the most interesting populations with a 
sufficient number of genes. This is clearly a lesson for 
the future, now that new techniques are available for ana- 
lyzing DNA and for generating cell lines from which any 
amount of DNA can be harvested. It will be possible to 
study any part of the genome on any population provided 
that the collection of samples from individuals, their stor- 
age, distribution, and analysis are adequately organized. 

We have successfully tried another approach that per- 
mits us to use incomplete matrices of existing data to 
calculate distances between each pair of populations on 
the basis of the genes available in both members of 
the pair. This procedure is based on the principle of 
using a random sample of genes for every comparison 
between two populations, provided that the sample is 
large enough that no comparison is based on too few 
genes. By “genes” we mean independent alleles or to- 
tal number of alleles at all loci minus the number of loci. 
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Matrices of populations by genes with gaps do in fact 
produce samples of genes that are somewhat different 
from population pair to population pair. This procedure 
allows us to increase considerably the number of genes 
used. We have been careful to eliminate all populations 
whose genes are poorly known, on the basis of the to- 
tal number of genes available, because comparisons in- 
volving them would be especially weak. We have elim- 
inated populations rather than genes, but in this way we 
could eliminate far fewer populations than if we had ad- 
hered to the rule of complete matrices. When possible 
or necessary, we have strengthened genetic knowledge 
of populations by increasing the number of geographic 
neighbors forming a “population.” This is what we call 
the process of “culling and pooling” employed in form- 
ing the set of populations examined. Simulations have 
shown that, with 110—120 genes employed, a number of 
random gaps between 20% and 50% of the whole matrix 
has little effect on the conclusions. 

Major difficulties with this approach might arise if 
the sample of genes were biased. In fact, the sample of 
genes available for study in these conditions is not ex- 
actly random, but the bias is in a favorable direction. 
A certain number of genes known for a longer time 
have been tested on more populations, as we have seen 
in section 1.3. Data on these genes tend to be always 
present, and comparisons for them are always available. 
This hard core of most frequently studied genes (mostly 
ABO, MNS, RH, GM, and others) helps to stabilize dis- 
tances. We also see in chapter 2 that the variance of 
gene frequencies across populations is distributed as if 
drift were responsible for most differences, helping to 
avoid systematic biases. The greatest insurance against 
possible problems arising from the use of a random or 
semirandom sample of genes instead of a constant set 
of them is provided by the bootstrap, which calculates 
standard errors that take gaps into account, and gener- 
ates a variable set of trees compatible with the data with 
given probability. As the bootstrap eliminates an impor- 
tant fraction of genes (more than one third) at every ran- 
dom resampling, and randomly increases the weight of 
those (a little less than one third) sampled two or more 
times in the resampling procedure, it also automatically 
tests for the effect of gaps. Allowing for gaps, one can 
thus include many more genes than if one eliminates all 
genes showing only one, or a few missing values. 

The confidence that a tree will be invariant with the 
number of genes used obviously increases with their 
number. Even when the number is large enough to make 
sampling error negligible, there is no guarantee that the 
same tree would be obtained with a different method 
of reconstruction, or different formulas for distance, or 
other changes. The number of possible trees is so high 
that, with a fairly large number of populations, every 
change of data or methods, even if minimal, is likely to 
alter the tree somewhat. This is inevitable, and probably 


the best way to avoid it would be to limit dichotomies in 
the tree to those that are more strongly supported. We are 
not aware of a completely satisfactory routine that would 
generate such a result. Standard errors of segments gen- 
erated by bootstrap helped in specific circumstances, but 
we found it unnecessary to constantly resort to poly- 
chotomies to which it is not easy to assign an accurate 
probability. It seems enough to be aware that all short 
segments are potentially weak and that one can evaluate 
their weakness by estimating their standard error. 


1.12.1. CONCLUSIONS ON THE USEFULNESS 
OF TREES 


In essence, what can one expect from reconstruct- 
ing a tree? A tree can be viewed minimally as a simpli- 
fied description of a matrix of distances (or similarities). 
With n populations, the elements of a distance matrix 
are n(n — 1)/2. The parameters that define a tree are 
the values of the nodes, which equal n — | if the tree is 
rooted. Therefore, a tree permits substantial economy in 
describing a data set, cutting the number of parameters 
by the factor n/2. Inevitably, economy may mean loss 
of information; the loss may be more or less serious, de- 
pending on the nature of the data. If the distance matrix 
is compatible with a perfect tree (i.e., has perfect tree- 
ness), apart from sampling errors, then there is no loss of 
information when replacing a distance matrix with a tree. 

The study of trees is the major technique for un- 
derstanding the complex relationships between different 
populations. It offers a simple graphic aid for visualizing 
those relationships and a path to infer the possible evo- 
lutionary history behind them. It gives first help for in- 
terpreting a distance matrix, and when treeness is good, 
it replaces it completely. Otherwise, further analysis of 
the matrix will be important, but one should not think 
that the distance or the similarity matrix contain all the 
information. In calculating a distance or similarity ma- 
trix, the data of individual genes, and thus their variation 
and correlations, are lost. Evolutionary forces affecting 
different genes may be quite different, and the possibil- 
ity of distinguishing them is thus also lost. However, the 
complexity of the data is usually so high that one must 
be prepared for some loss in order to be able to condense 
the information, at least at the beginning. 

A tree specifies no order to the populations, other than 
that available in the nodes; but nodes can be rotated at 
will without changing the tree. In a perfect tree, rota- 
tion of the nodes should involve no loss of information. 
Gould (1989) used the metaphor that each tree node is 
like a point of suspension in a “mobile” to indicate this 
property. The following four trees are totally equivalent: 


AD A 


A BC DB B AC DB B AD CGC A BD C 


But if we know that B and D show greater similarity 
than the BC, AC, and AD pairs, then we may prefer 
the fourth tree. In so doing, we use information that the 
tree does not ordinarily express. We have not used this 
criterion except in very special circumstances because 
it has other disadvantages, but occasionally it might be 
useful. 

Under the influence of the cladists, the trend has 
been toward the preferential use of maximum parsi- 
mony and, more recently, of minimum-evolution meth- 
ods for evolutionary studies. As mentioned before, one 
difficulty with maximum parsimony is that it does not 
strictly correspond to the preferred scientific approach 
of testing specific evolutionary models and changing 
them if they do not fit the data. The maximum par- 
simony approach of choosing the tree that minimizes 
the number of changes is perhaps more appropriately 
described as a model-free procedure, which uses an 
acceptable postulate and may help to generate a rea- 
sonable tree from data. However, this tree probably 
does not correspond to that expected if evolutionary 
rates are constant. The parsimony tree is not ordinar- 
ily used for calculating expectations to be compared 
with observations or for testing alternative evolutionary 
hypotheses. 
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In our experience, trees are ordinarily useful sum- 
maries of potentially enormous data sets. They almost 
always contain inaccuracies, as a result of insufficient 
number of observations or faulty assumptions, but it may 
be difficult to locate errors, most probably because of 
insufficient information. It is essential to use as large a 
number of genes as possible. This was our reason for 
increasing the data base, even at the cost of using in- 
complete matrices. We might also be able to improve 
our trees considerably if we could give more attention 
to a second important source of error, admixtures, by 
extending trees into true “networks,” that is, showing 
the most important interconnections between branches. 
Techniques for making this next step are in their infancy 
and demand considerably more work. 

A tree is not the only method of analysis available 
and can be usefully complemented with others that are 
reviewed briefly in subsequent sections. In addition to 
many methodological papers of importance, Felsenstein 
(1982) has published a history of phylogenetic analy- 
sis and supplied a useful collection of programs called 
Phylip. The book on numerical taxonomy by Sneath and 
Sokal (1973) provides the rationale and technique for 
many classification methods, including some devoted 
more specifically to phylogenetic analysis. 


1.13. ANALYSIS OF PRINCIPAL COMPONENTS (PCS) AND DERIVED METHODS 


Principal components and_ related or derived 
methods—for example, principal-coordinate analysis, 
multidimensional analysis, factor analysis, biplot, and 
the analysis of correspondences—are procedures for 
simplifying multivariate data with minimum loss of in- 
formation. Almost all sets of data formed by many popu- 
lations and many gene frequencies contain some internal 
redundancy that is measured, for instance, by the corre- 
lations existing between genes in a pair of populations. 
Two identical populations would have a correlation of 
one; as they differentiate from one another in the course 
of evolution, the correlation decreases. Thus, correlation 
between populations can be said to measure the history 
of their common descent. A distance is the opposite 
of a correlation; it is zero for identical populations and 
increases with their differentiation. For certain formulas 
of distance, one can express the exact interdependence 
between distance and correlation and, in the simplest 
case, the relationship between them is d = | —r, where 
r is acorrelation and d a distance measure (to be further 
transformed, however, if one wants to make it propor- 
tional to evolutionary time). Thus, the matrix of corre- 
lations and that of distances between population pairs 
are in a One-to-one relationship, but they have opposite 
meanings. 

Principal components offer the simplest mode of anal- 
ysis of a set of populations-by-gene frequency data. We 


show a very simple example of application, using only 
five populations and five genes (table 1.13.1). In order 
to visualize the procedure more clearly, let us consider 
at the beginning only the first two of the five genes, 
and plot their frequencies as abscissa and ordinate of a 
Cartesian diagram. The five populations are represented 
by five points in the diagram (figure 1.13.1). 

We draw a straight line as close as possible to the 
five points, using the criterion that the sum of the dis- 
tances from the points to the line (dotted lines) must 
be a minimum. Incidentally, this criterion differs from 
the familiar one employed for calculating usual regres- 
sion lines, where the segments (the sum of squares of 
which is minimized) are parallel to the abscissa or to 
the ordinate. Here the segments are orthogonal to the 


Table 1.13.1. Gene-Frequency Data (%) on Five Populations and 
Five Genes 


Population 
Gene Africa Asia Europe America Australia 
RH*D- 20 15 36 2 0 
ABO+O 69 60 65 90 76 
FY*A 11 60 42 70 99 
KM+*(1&1,2) 34 19 8 35 30 
DI+*A 0 2 0 9 0 


ABO+O gene frequency 
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RH«D- gene frequency 


P4 PS§ Pi P2 P3 


1st Principal Component 


AME AUS AFR ASI EUR 


Fig. 1.13.1 A Cartesian diagram for five populations 

(1, Africa; 2, Asia; 3, Europe; 4, America; 5, Australia) 
and the first two gene frequencies in table 1.13.1, with the 
first principal component (PC) on the principal axis. Below 
the diagram, the first PC is shown as a horizontal line. 

The locations of the five populations are obtained by the 
projections of perpendiculars (normals) from each point to 
the principal axis. 


line, which is called the (first) principal axis or compo- 
nent. The original values of the two gene frequencies 
can now be replaced with the five points Pl, P2, P3, 
P4, and P5 on the principal axis, with an arbitrary scale 
(usually chosen so that the five points have zero mean 
and variance equal to 1). The value of each of the five 
points is formally a linear compound of the original gene 
frequencies, as below: 


PC = oy * 4a @p Xo 


where x;, X2, ...are the gene frequencies of a particular 
population and a, a2, ...are coefficients calculated in 
the process of minimization. The sum is extended to all 
the gene frequencies used; in figure 1.13.1 there are only 
two. 

The resulting PC representation is shown at the bottom 
of the diagram. By replacing the original data with their 
first PC value, we have lost some information, but the 
process of minimization has reduced the loss and we 
have gained in simplicity because we have a straight 
line instead of a bidimensional display. 

The real advantage occurs when there are many genes. 
A third gene added to figure 1.13.1 could be plotted on 
an axis orthogonal to the page, or, more clearly, in a 
three-dimensional model that could be photographed or 
drawn. Although it is mathematically easy to add more 
axes (as many as genes), our intuition and ability to make 
a spatial representation fail us after the third dimension. 

One can add a second principal axis in figure 1.13.1, 
placed across the solid line in its center and orthogonal 
to it; but it would not help in this case because we have 


considered only two genes and, with the second princi- 
pal axis, we simply recreate the original diagram after 
relocating the origin and rotating the axes. If, however, 
we have more than two genes, as in table 1.13.1, then it 
is convenient to calculate a first principal axis in the five- 
dimensional space formed by all five gene frequencies, 
and then a second one orthogonal to the first and crossing 
it at its center, using the same criterion of minimizing 
distances of the points from the new line. Orthogonality 
guarantees that the second axis does not contain infor- 
mation already present in the first and is tantamount to 
saying that the two principal components have a corre- 
lation of zero. One can continue to add more axes with 
the same criteria. However, our major aim 1s to produce 
a visual aid to the overall variation, and we therefore 
usually stop at the second or at most at the third compo- 
nents, which produce an easily evaluated two- or three- 
dimensional picture. This procedure guarantees that the 
highest principal components contain as much informa- 
tion as possible and the fraction lost can be estimated 
as a proportion of the total variance. Further compo- 
nents will recover smaller and smaller amounts of the 
residual variation. Representing all the data from table 
1.13.1 by the first two principal components, we obtain 
table 1.13.2 and figure 1.13.2. From table 1.13.2, giv- 
ing the eigenvalues of the data matrix, one can calculate 
the percentages of information recovered by the various 
components. Here the first component expresses 64% of 
the total information (variance) and the second, 27%: 
the total for a two-dimensional representation is 91%, a 
substantial value with a relatively trivial loss (9%). 

Displays of principal-component values like those in 
figure 1.13.2 will be called PC maps. The distances of 
the populations in the map mimic their genetic differ- 
ences, but relationships can be more or less distorted, 
depending on the amount of information lost. Naturally, 
the first PC in figure 1.13.2 differs from that in figure 
1.13.1. The first is based on five genes and the second 
on only two of them. In the PC maps the two axes are 
often scaled to express the relative importance of the 
principal components: the first is more important than 
the second, etc. The scale factor for each component 1s 
the square root of the corresponding eigenvalue. 


Table 1.13.2. The Five Eigenvalues of the Matrix Shown in Table 
1.13.1, to Which the Percentage of Variance Corresponding to the 
Five Principal Components Is Proportional 


SS II II a 


Principal Cumulative 
Component Eigenvalues % of Variance % of Variance 
1 3.195 63.9 63.9 
2 1.365 27.3 91.2 
3 0.276 5.5 96.7 
4 0.164 3.3 100.0 
5 0 0.0 100.0 

Total 5 
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Fig. 1.13.2 Five populations (Africa, Asia, Europe, 
America, and Australia) with five genes (their frequencies 
are listed in table 1.13.1) represented by their first two 
principal components. 


The real usefulness of principal components is mani- 
fest only for many more genes and populations than in 
these examples, which are given only to illustrate the 
method. It is often possible to retain a relatively high 
proportion of the total genetic information (40% or 50%) 
with the first two principal components, even when there 
are many dozens or even hundreds of genes. This allows 
an enormous simplification because the great number of 
variables is thus reduced to two or three arbitrary dimen- 
sions, with reasonable (and measurable) loss of informa- 
tion. 

Although many consider the PC map a multivariate 
method of analysis unrelated to a tree, the connection 
between the two procedures is very close (Cavalli-Sforza 
and Piazza 1975). If the data behaved exactly according 
to a model of independent evolution, the first split in 
the tree would correspond to the separation of the popu- 
lations operated by the first PC. If there is a substantial 
inequality in the number of populations separated by the 
first split of the tree, then the position of the zero on the 
PC axis may not exactly separate the same populations 
as the tree root, but the order of populations is such that 
some location of the first PC other than zero would tend 
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to reproduce the first tree split. The second split in the 
tree corresponds similarly to the second PC, and so on. 
The relations between close neighbors correspond to the 
lowest principal components, that is, to the lowest splits 
in the tree and can hardly be accurately represented in 
the usual PC maps that use only the first two or three 
PCs. Thus, information on closest neighbors is usually 
missing in PC maps, and the representation of similar 
populations may be misleading unless lower principal 
components are considered. 

Genetic distances (see sec. 1.11) are sensitive to geo- 
graphic distances between populations and tend to in- 
crease regularly with them. This is often visible in PC 
maps. If geographic distance were the only factor in ge- 
netic variation, one might expect the first two princi- 
pal components to give a very close representation of 
the geographic map. The direction of principal axes and 
their origins are arbitrary and, in order to compare the 
two maps, it is usually necessary to rotate the axes and 
perhaps turn them around. 

It is sometimes of interest to estimate the correlation 
of the PC map with the geographic map or with another 
PC map based on other variables (e.g., anthropomet- 
ric or linguistic). This is done by a method that gener- 
ates the best possible congruence of the two maps be- 
ing compared. The procedure has sometimes been called 
Procrustean after Procrustes, a legendary bandit in clas- 
sical Greek mythology, who employed brutal methods to 
adapt his prisoners to the length of his bed. The method 
of optimum congruence, developed by Sch6nemann and 
Carroll (1970) and programmed by Lalouel (1973) can 
be usefully employed to obtain various types of measures 
of agreement. 

Other variations on the same theme are worth mention. 
Principal components can be calculated on genes instead 
of populations and populations and genes can be scored 
so as to represent both on the same map. This kind of 
“biplot” display (Gabriel 1971) shows for which gene or 
genes a population deviates most from the others. 

These refinements were usually difficult to use in our 
PC maps because of the large number of populations ap- 
pearing in them: we have usually concentrated on mak- 
ing it easy to recognize the position of populations in 
the PC maps. 

Principal components are obtained in most applica- 
tions by first calculating “Pearsonian” (i.e., standard) 
correlation coefficients between all pairs of characters. 
The original gene frequencies can be usefully trans- 
formed before calculating correlations. The subtraction 
of the mean gene frequencies on all populations is im- 
portant because otherwise the first component mostly 
indicates the differences between mean gene frequen- 
cies, which are uninteresting from our point of view. A 
standardization of the gene frequencies by their aver- 
age standard deviation, or better by dividing them by 


/[pU — p)], where p is the mean gene frequency, can 
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be expected to improve the recovery of informa- 
tion. The use of correlations of gene frequencies is, 
however, not entirely satisfactory for various reasons, 
one of which is that it is preferable to use mea- 
sures of relationship proportional to times of evolu- 
tion, like distances. The transformation of a distance 
matrix to a correlation matrix is necessary for calcu- 
lating PCs. It is done, for instance, in multidimen- 
sional scaling (Torgenson 1958; Kruskal 1971) and in 
principal-coordinate analysis (Gower 1966). We have 
used the latter approach for generating all our bidi- 
mensional PC maps, starting from matrices of genetic 
distances, and all our PC maps are therefore, strictly 
speaking, principal-coordinates maps. This procedure 
generates a non-Euclidean space and, with it, a poten- 
tial loss of information. It does, however, have advan- 
tages derived from the evolutionary meaning of genetic 
distances. 

For synthetic maps, described in section 1.15, we 
have instead used ordinary principal components. There 
are therefore two sources of differences between results 
shown in PC maps as described in this section, and in 
synthetic maps, apart from the fundamental difference in 
the two modes of display: (1) In PC maps, the variation 
of gene frequencies is to some extent standardized be- 
cause the divisor ,/[ p(1 — p)] used in the distance for- 
mulas tends to equalize them, without completely doing 
so. In synthetic maps, gene frequencies are taken at face 
value; (2) The other source of difference is the introduc- 
tion of non-Euclidean variation in PC maps. Although 
the two approaches might have resulted in discrepancies 


between conclusions, we have not observed any major 
ones. 

In general, PC maps and synthetic maps are more use- 
ful the greater the fraction of total information supplied 
by the first two or three PCs. They can supplement trees 
by presenting data in a different form, which is espe- 
cially convenient if clusters of populations are clearly 
visible. With perfect treeness, PC maps add little infor- 
mation to the tree, but observed matrices may deviate 
enough from this expectation that trees and PC maps of- 
ten give different conclusions. PC maps are, in general, 
more flexible than trees, since they use a greater number 
of parameters; they are especially useful for comparing 
different sets of data because it is easier to compare two 
PC maps than two trees. 

Principal-components analysis was first proposed by 
Hotelling (1933). Today, almost all statistical computer 
packages can calculate principal components, and all 
books of multivariate analysis give the basic theory. It 
was first applied to anthropometrics by Rao (1948) and 
to human gene frequencies by Cavalli-Sforza and Ed- 
wards (1964). The method gained popularity only after 
standard computer programs became widely available. 
PC maps are increasingly used in anthropometric and 
genetic analyses. It is hoped that the very elementary 
presentation given in this section may have clarified for 
novices some aspects of this widely used methodology. 

We use PC for both principal components and princi- 
pal coordinates, but we specify the full name when there 
is danger of confusion. Principal components are limited 
exclusively to synthetic maps and climate maps. 


1.14. GEOGRAPHIC MAPS OF GENE FREQUENCIES 


A geographic map of gene frequencies is comparable 
to a geographic map of altitudes—or any other quantity 
that varies from point to point on the earth—in which 
altitudes are represented by colors or shadings of varying 
intensity. Ordinarily, isopleths (in our case, lines of equal 
gene frequency) are first calculated for various levels of 
gene frequencies, for instance 10%, 20%, etc., or other 
suitable intervals, and the areas between two successive 
isopleths are filled with a color or shading of increasing 
intensity. In this way the map conveys immediate infor- 
mation on the location of relative maxima and minima 
(peaks and troughs) and gradients (clines) of the gene- 
frequency surface. Unless precise numbers are needed, 
one figure 1s worth a thousand numbers. 

Mourant (1954; Mourant et al. 1976a) was the first to 
make extensive use of geographic maps of gene frequen- 
cies. The gene-frequency surface was constructed by 
sight (1.e., subjectively). Our specific interest was gen- 
erated by the desire to build synthetic maps (described 
in sec. 1.15), and for this purpose it was considered im- 
portant to use objective methods. The methodology for 


automatic construction of geographic maps of gene fre- 
quencies was, at the time, an almost unexplored field, 
but now a variety of methods have been proposed for the 
interpolation or smoothing of geographic maps showing 
a number of variables (weather, mineral deposits, etc.). 
Each type of variable has special needs, but some as- 
pects are common to all or most variables. In this sec- 
tion we summarize the general methodological problems 
(omitting some questions already discussed at length in 
Piazza et al. 1981la), the approaches already tried, and 
the final procedure adopted. 


1.14.a. CHOICES TO BE MADE 

The main decisions to be made are 

|. Selection of genes. When are data sufficient for 
drawing a geographic gene-frequency map? There is no 


simple answer that allows an objective decision. Two 
variables are important: the total number of data points 


available in the area to be mapped, and the regularity of 
their geographic distribution. Data points that have equal 
geographic coordinates were averaged after weighting 
for sample size. Their internal heterogeneity was cal- 
culated, and it was judged desirable to indicate graphi- 
cally the presence of local heterogeneity on the final map 
(see map symbols, table 1.14.1). Because of the difficul- 
ties generated by the irregular geographic distribution of 
observed points, empirical decisions determined which 
maps would be included; in general, maps show at least 
20 points (counted after averaging geographically close 
data). 

We have considered it essential to indicate the lo- 
cation of the data points available for map building. 
Several areas are well studied; several others are ex- 
ceedingly poorly represented. Some may have been ex- 
amined in more detail in papers that appeared after the 
end of our survey, but they are probably relatively few. 
Leaving poorly represented areas blank could generate 


Table 1.14.1. Symbols Used in Geographic Gene-Frequency 
Maps 


Presence of data points that are not outliers with 
respect to the map. If more than one data point with 

+- equal coordinates are available, they are averaged 
and indicated with the same symbol if not 
significantly heterogeneous. 


the observed data point and its map value is large 
and reaches significance by the criteria indicated 
later in this section. Arrows show if the data point is 


+ Data points are outliers, i.e., the deviation between 
a: greater or smaller than the map value. 


The data point is an average of more than one gene- 
frequency estimate with equal coordinates, and the 
estimates are heterogeneous as judged by x2 ata 
significance level of 5%. 


Combination of 1 | and + symbols 
Combination of 1 1 | and i symbols 


When a single grid point belongs to a gene class 

different from all surrounding grid points, it is too 

small for graphical representation. When it does not 

include a data point, it is omitted. When it includes a 

data point, it is represented by one of the symbols 

given to the left, depending on whether the grid 
point is above or below the surrounding ones. 


De OOo # 
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a false impression of a low gene frequency. Indicating the 
location of observations by the set of symbols shown in 
table 1.14.1 gives an immediate feeling for the validity 
of the areas interpolated between observations and for 
the need of further data collections. 


2. Choice between interpolation and smoothing. 
Strictly speaking, interpolation is the fitting of a surface 
that goes exactly through the observed points; smoothing 
is the fitting of a surface that 1s close to the points but is 
not forced to go through them. Gene frequencies are af- 
fected by a fairly high sampling error, especially if they 
are based on a sample of a small number of individuals. 
Heterogeneous locations have an even greater standard 
error than expected on account of the total number of 
observations on which they are based. It is also clear that 
some points are true outliers; this is especially visible 
in areas of high concentration of data and is common 
in some particular regions of the world (e.g., India), 
for reasons discussed in chapter 4. Smoothing therefore 
seemed the right answer. 


3. Method of fitting the surface. This is a major 
problem, to which the second part of this section is de- 
voted. 


4. Choice of gene-frequency classes and patterns. 
The classes of gene frequencies must be presented so 
that one receives a clear visual impression of the relative 
values of gene frequencies. Only in this way can the po- 
sition of maxima, minima, and the regularity and steep- 
ness of gradients be appreciated. The maps in Mourant’s 
books have excellent graphic quality. The increase in 
density of the shading is, however, not always regularly 
proportional to the gene frequency. In our first multivari- 
ate maps (Menozzi et al. 1978a) we used gray tones of 
varying intensity, an easy solution in terms of computer 
graphics. But the human eye has difficulty in clearly rec- 
ognizing more than five tones, which are not sufficient 
in most cases. Another more subtle drawback is the ten- 
dency of the human eye to perceive tones in an altered 
way at the boundaries between two different tones. Fi- 
nally, the print of gray tones extended to large surfaces 
may easily generate in print a moiré pattern which may 
be disturbing to the eye. 

The use of patterns instead of gray tones also gener- 
ates optical illusions that alter the perception of the av- 
erage intensity of color or blackness. Even if patterns 
are ordered by the percentage of black per unit of area 
with a logarithmic coefficient of increase of density from 
interval to interval, the perceived order of intensity of 
the patterns is often incorrect or the comparison with the 
standard scale is insufficiently clear. We found that the 
use of parallel stripes at varying distance from one an- 
other offered the best solution (see Le Bras and Todd 
1981), but with this approach appreciating the intensity 
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differences of eight or more intervals was not easy. Al- 
ternating the direction of the shading (e.g., horizontal 
and vertical in successive intervals) obviated this diffi- 
culty, and made it easier to evaluate the gene frequency 
of an area of the map by comparison with the legend 
on the edge of each map. The device of alternating hor- 
izontal and vertical stripes should make it even easier 
to recognize the gene frequency of a particular area by 
comparison with the standard scale of gene frequencies 
given in each map. If not, copying the scale on transpar- 
ent paper and placing it near the area of interest allows 
a completely unequivocal comparison. 

Using discrete intervals causes a loss of information 
that we calculated as excess of variance produced (as 
well as loss of information measured in the manner of 
Shannon and Weaver 1972). We found the loss to be rel- 
atively small even with as few as four or five intervals. 
We also preferred using percentage intervals that were in- 
teger values from | to 10, thus avoiding fractional incre- 
ments. An interesting alternative, the use of percentiles, 
has a disadvantage in that the evaluation of the actual 
gene frequencies requires a fastidious conversion. The 
shape of the distributions of gene frequencies (shown 
in each map) is also frequently complicated; most ar- 
eas have a large number of outliers, usually making the 
distributions skewed and highly leptokurtic. We made 
sure the interval was, as often as possible, not smaller 
than the standard error resulting from sampling of the 
gene frequency. Smaller intervals would generate a false 
impression of precision. 


5. Goodness-of-fit tests of the surface. In previous 
work we used jackknifing (Piazza et al. 1981b) to test the 
goodness of fit of the surface. In the present applications 
we used a procedure described below (sec. 1.14.c). 


6. Relation of gene frequencies to areas. Because 
they are calculated from populations and not from sin- 
gle individuals, gene frequencies refer to areas, not to 
points on the surface. This problem might demand a 
special statistical treatment that would introduce several 
complications, but many populations cover a small area 
on the scale of our maps. At our geographic resolution, 
it is usually unnecessary to consider the actual area oc- 
cupied by a population, which is, in any case, poorly 
known and not sampled homogeneously. 


7. Areas occupied by more than one population. 
We selected, wherever possible, only aboriginal popula- 
tions, for example, Lapps in northern Scandinavia, and 
Khoisanid populations in the deserts of Namibia and 
Botswana. In other cases, the situation is more com- 
plicated and we did not try to separate, for example, 
African Pygmies and African farmers in the areas in 
which they coexist. The degree of geographic resolu- 
tion available on our maps would make such a distinc- 


tion difficult. For genes that have different frequencies 
in Pygmies and African farmers, one will therefore find 
local genetic heterogeneity, as indicated by the appro- 
priate symbols. These minority populations are treated 
with greater precision in the chapters dedicated to each 
continent. 


8. Areas in which aborigines have disappeared. Ar- 
eas where there are no aborigines (e.g., the Carib is- 
lands and Tasmania) are not shown on the maps. Areas 
for which data on enough genes are not available (e.g., 
Madagascar) are also not shown. 


9. Choice of geographic projection. For maps of the 
whole world, we chose Mercator’s projection, in which 
all meridians are straight lines parallel to each other. 
This causes a distortion that increases with increasing 
latitude but remains the same for a given latitude. For 
partial maps, we chose a method generating an equal- 
area projection (Odyssey World Atlas 1966), which does 
not distort the relative areas of the various parts of the 
map. 


1.14.b. METHODS FOR FITTING SURFACES 


In the remainder of this section, we discuss the ma- 
jor problem of fitting the gene-frequency surfaces. Some 
early attempts were made by fitting polynomial surfaces 
to the gene-frequency maps (Cavalli-Sforza and Bodmer 
1971a; Cavalli-Sforza 1974), but the degree of the poly- 
nomials necessary for a good fit were prohibitively high, 
and where points do not exist, especially at the margins, 
the polynomial surface tends to curl and often generates 
absurd values. A second attempt led to a program by 
D. Schreiber for the maps published in the book Ge- 
netics, Evolution and Man (Bodmer and Cavalli-Sforza 
1976a), using Shepard’s formula (Shepard 1968) for cal- 
culating each point on the map as a weighted average of 
all data. The weight decreased with increasing distance 
between the point of the gene-frequency surface being 
calculated and the observed data. This method can be 
recommended for its extreme simplicity. Attempts made 
to choose a satisfactory function of distance for weights 
gave ambiguous results. The inverse of the square of the 
distance, plus a small constant, was finally adopted as 
weight (this agrees with the general scheme suggested 
in Shepard [1968]). 

These methods can be called global in the sense that 
they simultaneously use all data points. Local methods 
use only local points chosen with some suitable criterion. 
They can also be made adaptive by a suitable change of 
parameters or functions when local conditions demand 
If. 

Results shown in (Menozzi et al. 1978a) used a com- 
puter program (described in detail in Piazza et al. 198 1a) 
that was local and partially adaptive. Each point was 


smoothed on the basis of data from the nearest pop- 
ulations selected in the four quadrants determined by 
latitude and longitude. The smoothing was carried out 
by Shepard’s formula or by a quadratic polynomial, de- 
pending on the number of data points available in the 
neighborhood. 

This computer program was tested by jackknifing and 
compared with a kriging algorithm (the name used for 
map smoothing in mineral engineering) implemented in 
France by Delfiner (1976) and based on Mathéron’s the- 
ory (1971) of regionalized variables. This algorithm can 
be local or global, and also locally adaptive if neces- 
sary, in the sense that it can use a local or a general 
function connecting genetic distance and geographic dis- 
tance. This function can be an empirical relation be- 
tween the two types of distance, or any specified theo- 
retical formula. In spite of its remarkable flexibility, the 
method did not show substantial advantages with respect 
to goodness of fit in comparison with our less sophisti- 
cated method. The surfaces it generated had a flaw sim- 
ilar to—though less extreme than—that already noted 
with polynomial fitting; namely, outside the field of ob- 
served points, even at a relatively short distance from 
the nearest point, the calculated surface tended to take 
extreme unjustified values (Piazza et al. 198la). This 
is, of course, a general problem met in all extrapolation 
procedures. 

Another elegant method we tried was developed by 
Wahba and co-workers (Wahba and Wendelberger 1980; 
Wahba 1982, 1984). It can be called global and adaptive. 
In this approach two functions are employed: one esti- 
mates a surface using polynomial splines or other more 
complicated expressions that minimize the difference be- 
tween observed and expected values. A second function 
evaluates local smoothness (or its converse, roughness) 
by taking an average of the second derivatives over the 
surface. The requirements of minimizing the difference 
between observed and expected values for each point, 
and maximizing the smoothness of the surface, are re- 
ciprocally incompatible. Thus, a compromise must be 
reached by minimizing a weighted sum of the quanti- 
ties evaluated by these two functions and using a cross- 
validation approach to calculate the relative weights to 
be given to the solutions provided by these two func- 
tions. One can call the method adaptive with respect to 
the average roughness of the region being mapped. By 
regulating the relative weight of the two functions, it 
usually reaches an optimum overall fit. 

The main disadvantage of the method (at least of the 
early version we used) is that it is based on the average 
roughness of the map. We know by experience (and the 
examples shown for the region occupied by Caucasoids 
in Piazza et al. [198la] show it clearly) that some areas 
are much rougher than others. Extending such examples 
to the whole world, one finds areas that are even rougher 
(e.g., the northern part of South America). Therefore, a 
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region being smoothed might be divided arbitrarily into 
subareas believed to be of different roughness. Sewing 
together the results of fits obtained in different areas pre- 
sented unusual mathematical difficulties. We abandoned 
this method with regret and are aware that it has been 
further improved upon since that time. We have, how- 
ever, proceeded to develop other methods with greater 
local adaptiveness. 


1.14.c. PROCEDURE ADOPTED FOR 
CALCULATING GENE-FREQUENCY SURFACES 


The approach we finally adopted for constructing 
the geographic maps was developed by A. Piazza and 
Margareth Wright. “Expected” frequencies were calcu- 
lated for each observed point, using only information 
from neighbors and not the observed point itself. To this 
aim, a plane was fitted to neighbor data, each of which 
was weighted with Shepard’s formula (1968), including 
in each weight also the sample size. Neighbors were 
chosen sequentially, starting from the three nearest data 
points and adding more and more remote ones. At every 
addition, one calculates the difference between the ob- 
served point being interpolated and the expected value 
calculated on the basis of neighbors. The expected value 
changes with the addition of each nearest neighbor. The 
process of adding neighbors is stopped when the error 
of the interpolated point (the difference between the ob- 
served and the expected value) stops decreasing. 

The number of neighbors thus considered depends on 
the local smoothness and could be used to express a 
measure of it. It depends also on the functions used for 
calculating the expected value. Two functions were tried 
and compared: a first-degree surface and an average of 
neighbors, weighted for distance (with Shepard’s for- 
mula). There was little difference in the results of the 
two procedures, and the second was chosen. If the em- 
pirical point being tested is a real outlier, the goodness 
of fit may not improve at all after the first three nearest 
neighbors have been fitted. 

The observed point was not used in the process of fit- 
ting an expected value to it, and the difference between 
the observed and expected gene frequency allowed cal- 
culation of a y* value with one degree of freedom to 
indicate the local discrepancy of the map at each point. 
The y” values calculated for neighboring points are not 
completely independent, but the probability of disagree- 
ment for a single point evaluated by the x? distribution is 
valid. The probability of significance for this and every 
other test was chosen as one divided by the number of 
observed points on the map so that exactly one signif- 
icant discrepancy per map is expected. More than one 
is found, on the average, but they are ordinarily distant 
from one another and therefore nearly independent. The 
indication of a discrepancy given by x is not, however, 
sufficient, as it depends on sample size, which varies 
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enormously between samples. The distributions of sam- 
ple sizes are given on maps. Large samples are more 
likely to show significant differences between observed 
and expected values because x? is proportional to sam- 
ple size. Thus, points for large sample sizes are likely 
to be significant, but the actual difference between the 
observed and the expected gene frequency may be triv- 
ial. The absolute deviation between the expected and ob- 
served gene frequency at each point was therefore also 
considered in the definition of outliers. The probability 
of each absolute deviation in a normal distribution was 
calculated and considered significant when less than one 
divided by the total number of data points in the map. 
Outliers were considered points significant according to 
both criteria simultaneously and indicated on the map by 
arrows pointing in the direction of the observed devia- 
tion. 

In a second phase of the procedure, a lattice of regu- 
larly spaced points (lattice or grid nodes) was evaluated 
on the basis of the expected frequency values. For this 
purpose, the Voronoi neighbors (see fig. 1.14.1) were 
identified for each grid node and gene-frequency values 
for these nodes were calculated as weighted averages of 
the Voronoi neighbors. Weights were proportional to the 


Fig. 1.14.1 Example of Voronoi polygons and Voronoi 
neighbors associated with 16 points A—P. Vertices of the 
Voronoi polygons are called Voronoi points, and the edges 
on the boundary are called Voronoi edges. The locus of a 
point closer to, say, point H than to point L is one of the 
two half-planes determined by the line (HL). The locus 
of a point closer to H than to any other point is then 
given by the intersection of all half-planes associated with 
H, that is, the H-associated Voronoi polygon (Lee 1982). 
In our procedure, the points A—P correspond to the 
“smoothed observed values” defined in the text. Every 
lattice point, which generally does not coincide with 
those values, is automatically associated with a set of 
smoothed observed values that form their Voronoi 


polygon. 


Table 1.14.2. Number of Interpolated Grid Points per Map and the 
Average Distance in Miles between Contiguous Lattice Points in 
the Various Maps 


No. of Inter- Average Distance between 
polated Points Two Neighboring Points 
Africa 1604 92.0 
Asia 2549 S75 
Europe 2379 47.5 
Eurasia (prepared for word) 1601 125.5 
Japan 79 56.3 
America 1184 133.9 
Australia 1221 54.1 
New Guinea 477 29.8 


sample size of each point and inversely proportional to 
the square of the geographic (great circle) distance be- 
tween the node and the Voronoi neighbor. The resolution 
of the map depends on the fineness of the lattice, and 
table 1.14.2 gives the number of points evaluated per 
map. The final result of this phase of the procedure is a 
matrix of expected gene-frequency values calculated for 
each node of the lattice. 


1.14.d. ISOGENIC LINES (ISOPLETHS) 


The last phase of the procedure is the calculation of 
the isogenic lines (isopleths, or lines of equal gene fre- 
quency for the chosen class intervals) from the matrix 
of expected gene-frequency values and the preparation 
by pen-plotter of the maps shown in the present book. 
(This set of procedures was prepared by P. Menozzi and 
E. Siri, also from University of Parma, Italy.) 

The resolution level had to be increased to avoid dis- 
continuities that, if not important in conveying the in- 
formation, are certainly unattractive to the reader. Each 
of the original grid points was substituted by a 4 x 4 
matrix, leaving the expected gene frequency unchanged 
in each of the 16 new points. Isopleths were then calcu- 
lated on this blown-up grid. The step curve that would 
result was then further smoothed by bidimensional mov- 
ing averages. 

The problem of joining isopleths that are defined by the 
boundaries between two class intervals and the coast line 
was solved by dividing coast coordinates into groups that 
could be assigned to each node of the interpolated grid 
contiguous to the sea. The bookkeeping required during 
computer computations is quite complex and significantly 
increases the computer time required for map production, 
but to our knowledge, no alternative solution exists. 

Further subroutines were required for shading the areas 
corresponding to various gene-frequency classes. The 
shading patterns we used were designed to guarantee a 
direct proportionality between the perceived density and 
the value of gene frequencies. 


Each map was computed using the observed points 
represented with the symbols of table 1.14.1. For Pacific 
islands no interpolation was used and distributions (gene 
frequency, sample size, variogram) are not reported: they 
can be found in the maps of the continents themselves. 
World maps do not show the data points in Europe (too 
many data points crowd the area) except when the corre- 
sponding map of Europe has not been produced because 
of insufficient or irregularly distributed data points. 

World and Pacific maps were prepared fitting each con- 
tinent independently in order to avoid artificial continuity 
across continents. In order to avoid possible discontinu- 
ities in world maps, Eurasia was prepared anew rather 
than by joining maps of Europe and Asia. For some 
alleles, this may generate differences between the geo- 
graphic gene-frequency maps of the world and those of 
the two continents, since a different interpolation grid 
and a joint data set were used for the world. 

The isolated nature of islands had to be addressed, 
although there is no obvious way of measuring it. As a 
compromise, a group of islands—large, close, and genet- 
ically not too different from the continent— was treated 
differently from all the others. Greenland in America, 
Great Britain, Ireland, Sicily, and the islands between 
Denmark and Sweden in Europe, and the Japanese 
Archipelago in Asia were considered part of the conti- 
nent. Japan, for which more information is available than 
for other Asian countries, was artificially enlarged. The 
grid of the interpolated continent points was extended 
to these islands when preparing the map of the conti- 
nent. All other islands were considered isolated and their 
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gene-frequency data were not used in interpolating the 
continental grid. Their geographic locations are shown in 
figures 1.14.2A—F. An average, weighted by sample size 
of all available data, was computed for each island and 
used to choose the shading for the whole island. In many 
cases, islands are too small for containing a perceivable 
shading, and a larger area surrounding them has been 
shaded. Even this larger area was often too small to 
contain at least two shading segments of the first two 
lightest shading classes: when only one horizontal (or 
vertical) line appears, it must be interpreted as the lowest 
class of shading represented by horizontal (or vertical) 
lines. 


1.14.e. EVOLUTIONARY ASSUMPTIONS OF 
GENE-FREQUENCY SURFACES 


What are the evolutionary assumptions or implications 
of gene-frequency maps? In general the calculation of 
a gene-frequency map assumes an underlying theoreti- 
cal gene-frequency surface. It is interesting to consider 
whether this surface is in principle continuous or may 
have discontinuities. It is difficult to prove the existence 
of discontinuity in a rigorous way. Boundaries calculated 
by a recently introduced method (Barbujani et al. 1989), 
should not be taken to necessarily represent discontinu- 
ities. They may simply be zones, usually narrow, where 
gradients of gene frequencies are found to have higher 
slopes. Boundaries are calculated after a local inter- 
polation of gene frequencies (by an algorithm different 
from the one we have used). It is not necessary to assume 
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1 Iceland 36 Baffin 
2 Sardinia 37 Southampton 
3 Madagascar 38 Wellington 
4 Socotra 39 Tierra del Fuego 
5 Laccadives 40 Easter 
6 Maldive 41 Marquesas 
7 Sri Lanka 42 Tuamotu 
8 Andaman 43 Society 
9 Nicobar 44 Cook 
10 Sumatra 45 Samoa, Western Samoa 
11 Siberut 46 Tokelau 
12 Java 47 Ellice 
13 Bali 48 Wallis 
14 Flores 49 Fiji 
15 Timor 50 Tonga 
16 Kai 51 New Zealand 
17 Ambon, Seram 52 New Caledonia 
18 Halmahera 53 Loyalty 
19 Celebes 54 New Hebrides 
20 Bomeo 55 Solomon 
21 Philippines 56 Nauru 
22 Hainan 57 Gilbert 
23 Taiwan 58 Marshall 
24 Ryukyu 59 Caroline 
25 Cheju 60 Marianas 
26 Sakhalin 61 Schouten 
27 Komandorskiye 62 Karkar 
28 Karaginskij 63 Admiralty, Emira 
29 Aleutian 64 New Ireland 
30 St. Lawrence 65 New Britain 
31 King 66 D’Entrecasteaux 
32 Kodiak 67 Bathurst 
33 Queen Charlotte 68 Elcho 
34 Vancouver, Flores 69 Forsyth, Momington 
roo eo e040 2035 Victoria 70 Bentinck 


Fig. 1.14.2.A Geographic locations and names of the islands represented in the maps of the world. Their mean gene frequencies 


are plotted but not used in the grid interpolation process. 
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1 Socotra 
2 Laccadives 
3 Maldive 
4 Sri Lanka 
5 Andaman 
6 Nicobar 
7 Sumatra 
“24 8 Siberut 
9 Java 
10 Bali 
11 Flores 
12 Timor 
13 Kai 
14 Ambon, Seram 
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16 Celebes 
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18 Philippines 
19 Hainan 
20 Taiwan 
21 Ryukyu 
22 Cheju 
23 Sakhalin 
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Fig. 1.14.2.B Geographic locations and names of the islands represented in the maps of Asia. Their mean gene 
frequencies are plotted but not used in the grid interpolation process. 


discontinuities for using the method, nor was it claimed 
that boundaries represent true discontinuities of the gene- 
frequency surface. Barbujani et al. (1989) maintained 
that boundaries are distinct from gradients or clines, but 
they acknowledged that the distinction is difficult. Per- 
haps the main difference is that boundaries are likely to 
result from very little or zero local genetic exchange (be- 
cause of physical, linguistic, social, or other barriers), 
whereas gradients can originate in many ways and local 
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exchange has a lesser role in their origin. Operationally, 
however, boundaries are defined as very steep clines and 
are usually observed for many genes simultaneously. 

Some populations that are extreme outliers and are 
effectively isolated geographically, socially, or otherwise 
could, however, be conceived as local discontinuities, 
and some of our arrows in the maps may be examples of 
such situations. This is difficult to prove without further 
local analysis. 


1 Iceland 

2 Faeroe 

3 Hebrides 

4 Orkney 

5 Shetland 

6 Holy 

7 Man 

8 Wight 

9 Bornholm 
10 Gotland 
11 Aland 
12 Baleares 
13 Corsica 
14 Sardinia 
15 Malta 
16 Corfu 
17 Crete 
18 Rhodes 
19 Cyclades 
20 Euboea 
21 Sporades 
22 Aegean Islands (Samos, Chios, 

Lesbos, Lemnos, Samothrace) 

23 Cyprus 


30 40 $0 


Fig. 1.14.2.C Geographic locations and names of the islands represented in the maps of Europe. Their mean gene 
frequencies are plotted but not used in the grid interpolation process. 
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1 Aleutian 
2 St. Lawrence 
3 King 
4 Kodiak 
5 Queen Charlotte 
6 Vancouver, Flores 
7 Victoria 
8 Baffin 
9 Southampton 
10 Wellington 
11 Tierra del Fuego 


Fig. 1.14.2.D Geographic locations and names of the islands represented in the maps of America. Their 
mean gene frequencies are plotted but not used in the grid interpolation process. 


The gene-frequency gradients observed in maps could 
be due to selection or drift. The distinction should be 
based on external evidence. Local migration (genetic ex- 
change between geographic neighbors) is almost always 
present and always tends to smooth down every gradi- 
ent, but it is not very effective in some conditions (see 
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secs. 2.7, 5.3, and Rendine et al. 1986). When migra- 
tion tends toward one direction and is sustained for sev- 
eral generations, it can create gene-frequency gradients 
that may be relatively stable over time. Unlike gradi- 
ents caused by selection or (recent) drift, such gradients 
have a historical origin (in the wide sense). This phe- 


1 Sumatra 32 Cook 
2 Siberut 33 Samoa, West Samoa 
3 Java 34 Tokelau 
4 Bali 35 Ellice 
5 Flores 36 Wallis 
6 Timor 37 Fiji 
7 Kai 38 Tonga 
8 Ambon, Seram 39 New Zealand 
9 Halmahera 40 New Caledonia 
10 Celebes 41 Loyalty 
11 Borneo 42 New Hebrides 
12 Philippines 43 Solomon 
13 Hainan 44 Nauru 
14 Taiwan 45 Gilbert 
15 Ryukyu 46 Marshall 
16 Cheju 47 Caroline 
17 Sakhalin 48 Marianas 
18 Komandorskiye 49 Schouten 
19 Karaginskij 50 Admiralty, Emira 
20 Aleutian 51 New Ireland 
21 St. Lawrence 52 Karkar 
22 King 53 New Britain 
23 Kodiak 54 D’Entrecasteaux 
24 Queen Charlotte 55 Trobriand 
25 Vancouver, Flores 56 Woodlark 
26 Wellington 57 Misima 
27 Tierra del Fuego 58 Bathurst 
28 Easter 59 Elcho 
29 Marquesas 60 Forsyth, Mornington 
30 Tuamotu 61 Bentinck 
31 Society 


Fig. 1.14.2.E Geographic locations and the names of the islands represented in the maps of the Pacific. Their mean gene 
frequencies are plotted but not used in the grid interpolation process. 
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F 1 Bathurst 8 New Ireland 
2 Elcho 9 Karkar 
3 Forsyth, Mornington 10 New Britain 
4 Bentinck 11 D'Entrecasteaux 
5 Schouten 12 Trobriand 
6 Admiralty 13 Woodlark 
7 Emira 14 Misima 


Fig. 1.14.2.F Geographic locations of the islands represented in the maps of Australia and New Guinea. Their 


mean gene frequencies are plotted but not used in the grid interpolation process. 


nomenon is common in population expansions, and 
gradients caused by expansions may be distinguished 
from other types of gradients because they tend to affect 
many genes in a similar way (see secs. 2.7, 5.3). A rele- 


1.15. SYNTHETIC MAPS 


The major stimulus for developing computer-designed 
geographic maps of gene frequencies came to us from 
the desire to calculate geographic maps of principal 
components (Menozzi et al. 1978a). The original pur- 
pose was to test the hypothesis that early farmers 
came to Europe from the Middle East. It was reason- 
able to assume that the migration of farmers into an 
area sparsely populated by foragers would have gener- 
ated approximately circular gradients of gene frequen- 
cies around the region of the origin of the farmers, 
provided that later migrations did not destroy the pat- 
tern. A particular gene may or may not show the ex- 
pected gradients, depending on whether there was an 
initial difference in gene frequencies between farmers 
and foragers, and depending on possible selective effects 
altering the pattern caused by the original migration of 
farmers. 

Unlike selection, migration has the same effect on all 
genes. The gene frequency of a population that has re- 
ceived immigrants is changed in a very simple, easily 
predictable way, which depends on the difference be- 
tween the gene frequencies of the immigrants and resi- 


vant method is discussed in the next section; further 
discussion and examples are given in chapters 2, 3, 
and 5. All symbols used in maps are explained in 
table 1.14.1. 


dents and on the number of migrants relative to that 
of the residents (sec. 1.17). The latter is clearly in- 
dependent of the particular gene studied, and the effect 
of migration on different genes should therefore show 
a certain degree of congruence. An additional math- 
ematical consideration is that both the effect of admix- 
tures resulting from migration and the expression for 
calculating principal-component values are linear in gene 
frequencies. This will make principal components 
potentially very useful for the detection of migrations. 
In simple terms, a geographic map of a principal- 
component value may provide a synthetic view of all 
gene frequencies, abstracting from the data on all genes 
common patterns caused by single, earlier migrations. 
Building such synthetic maps of individual PCs may 
permit visualization of older migrations, as well as 
other phenomena affecting in some parallel way all, 
or many, genes. If some factor of strong natural se- 
lection (e.g., climate or an important disease) affected 
many genes in a systematic way, it might also be de- 
tected through the study of synthetic maps. In princi- 
ple, one might thus hope that an individual PC could 
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isolate the effect of individual factors of evolution like 
old mass migrations or strong selective factors, and per- 
haps others. 

Our expectations were satisfied because we found ge- 
netic patterns in Europe that were in general agreement 
with those expected on the basis of the postulated early 
farmers’ migrations and other archaeologically or his- 
torically known migrations. This method has now been 
extended to other continents and regions; results are dis- 
cussed in the various chapters. 

Once a method for calculating geographic maps of 
gene frequencies is available, such maps must be made 
for every allele for which there are sufficient data. As 
discussed in section 1.14, the adequacy of the coverage 
of the area is more important than the total number of 
data for determining whether an allele is usable. From 
such maps, values of gene frequencies are derived from 
an adequate number of lattice nodes (several hundred is 
the norm), principal components are calculated, and a 
geographic map is constructed for each principal com- 
ponent. 

The geographic map of a PC has one or more peaks 
and troughs. Depending on the initial normalization of 
the calculation, positive and negative values of a PC 
are interchangeable and there is no difference in mean- 
ing between a peak and a trough: they both indicate the 
presence of a population whose gene frequencies, glob- 
ally considered, take extreme values in the area being 
analyzed. They therefore correspond to populations that 
are unique in the sense of being most different from all 
the others that are present in the same area. A peak and 
a trough in the same map indicate opposite behavior. 
Two similar peaks (or two similar troughs) in different 
parts of the map may or may not indicate similar popu- 
lations. Other PC values of the same populations should 
be considered simultaneously to judge whether the cor- 
responding populations are genetically similar, because 
in this case they should be similar for all PCs, or at least 
for the highest ones. 

Usually, but not necessarily, smooth gradients connect 
a peak and a trough and may indicate clines resulting 
from selection between two environments that have a dif- 
ferent selective coefficient. Clines caused by migrational 
expansion from an area frequently, but not necessarily, 
generate approximately concentric gradients around the 
center of expansion, especially if migration can proceed 
unimpeded in all directions. When such a center of ap- 
proximately circular gradients is clearly observable in a 
synthetic map, then the dominant direction of migration 
can be centrifugal, as is the case when a population 
grows and expands. These population expansions (also 
called radiations) are discussed in chapter 2 and later 
chapters. The reverse (a predominantly centripetal mi- 
gration), although less likely, cannot be excluded imme- 
diately. For instance, the center of concentric gradients 
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may be an important capital, which has attracted im- 
migrants for a long time. Some knowledge of history 
may be necessary for distinguishing such cases. Fi- 
nally, physical or sociological barriers or favorite mi- 
gration paths may be sources of complication, caus- 
ing a distortion of an otherwise concentric pattern of 
gradients. 

The meaning of peaks or troughs, in practice, is that 
a population differs from its neighbors for one of sev- 
eral reasons. For example, (1) at some previous time 
the population’s members were settlers from a distant 
origin, or (2) initially the population did not differ 
genetically from its neighbors, but differences devel- 
oped locally because of high isolation, small population 
size, and/or a long time spent under these conditions, 
which led, especially in combination, to substantial drift. 
Whichever of these factors or combination of fac- 
tors 1s correct, one is more likely to find such ex- 
treme populations in mountain areas or otherwise 1so- 
lated, impervious regions, areas jealously guarded by a 
highly endogamous population, or which for one rea- 
son or another have had no immigration for a long 
time. 

Given the importance of recognizing differences be- 
tween populations on the basis of simultaneous consider- 
ation of more than one PC, we have generated trichromic 
maps by superimposing three colors (usually green for 
the first, blue for the second, and red for the third PC). 
There are various limitations to the use of such maps: 
a major one is the cost of printing them and another is 
the difficulty of choosing the right combination of in- 
tensities of the primary colors. Alterations of intensity 
of one color may have important effects on the over- 
all perception of patterns. We have tried to use a range 
of intensities proportional to the percentage of variation 
explained by each component. 

The area chosen for PC analysis determines the pat- 
terns that will be observed. We have used entire conti- 
nents, and repeated the analysis on the whole world. Our 
general experience suggests that the higher PCs are very 
unlikely to respond to extreme variation for one or very 
few genes. Selective effects are thus less likely to be 
observable by this technique, because a single selective 
factor rarely affects many genes at once. Even in cases 
like resistance to malaria, a major killer, it is rare for re- 
sistant mutants at more than one or a few loci to be found 
in the same population. The highest PCs ordinarily tend 
to show patterns that are found consistently, although in 
a less clear way, in 10%—-40% of all the genes. These 
patterns are likely to occur for major, prolonged migra- 
tory phenomena involving populations that at the outset 
showed sufficient divergence from the other populations 
located in the area into which they expanded. In some 
cases, however, possible selective effects of climate have 
been detected. 
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1.16. ISOLATION BY DISTANCE 


The expression “isolation by distance,” introduced by 
S. Wright (1943, 1946), indicates the tendency of popu- 
lations to exchange genes with nearest neighbors, result- 
ing in a greater genetic affinity between geographically 
closer groups and the likely occurrence of genetic differ- 
ences between groups that are far apart because of ge- 
netic drift. Wright introduced the concept of distribution 
of individual migration distances, that is, the distances 
between the place of birth of one parent and that of his 
or her child. Collection of this kind of data is obviously 
much easier for humans than for other species, but unfor- 
tunately the actual distributions are usually highly asym- 
metric and often difficult to analyze. Mean and mean- 
square distances, however, provide measurements that, 
even if inaccurate, help in assessing orders of magni- 
tudes. One finds that the mean migration distance per 
generation ranges from a few kilometers to some dozens, 
depending on populations. Estimates of standard devia- 
tions of migration distances in modern populations range 
from | to 300 km with a median value of 20 (Wijsman 
and Cavalli-Sforza 1984), but one has to remember that 
in more recent times there has been a substantial increase 
because of improved transportation. 

The models developed by Wright have been conceptu- 
ally influential but have had little practical application. 
More popular have been the models of isolation by dis- 
tance developed by Malécot (1948, 1950, 1965, 1966, 
1967) and by Kimura and Weiss (1964) in spaces of 
one or two dimensions, according to whether the migrat- 
ing populations are supposed to live on a linear habitat 
(e.g., a group of islands placed along a line) or on a 
more common two-dimensional habitat. The approaches 
by Malécot and by Kimura and Weiss differ, but the qual- 
itative predictions are alike. The unidimensional mod- 
els are consistent in showing an exponential decrease of 
the genetic similarity between two demes (villages, or 
groups of people living in a defined geographical area) 
with their geographic distance. More precisely, such a 
relation can be written in the general form, 


f(d) = aexp(—bd)/d‘°, 


where d is the geographic distance, and a, b, c are con- 
stants that do not depend on the distance. The parameters 
a, b, c, and the function f(d) are given slightly differ- 
ent interpretations (and scales) according to the model 
of choice. The model by Kimura and Weiss assumes 
demes placed at discrete and equal distances scaled to 
unity (“stepping stone” model), with any distance being 
measured accordingly by integer numbers. In this model, 
a = 1, f(d) is the correlation between gene frequencies 
of populations at distance d(d = 1,2,...), and c is 0 
or 1/2, depending on whether the demes are placed on 
a one- or a two-dimensional habitat. The parameter b 
is expected to equal the square root of twice the ratio 


(1.16.1) 


M/m, where m is the migration per generation between 
two neighboring demes. M is a quantity that summa- 
rizes external sources of genetic input whose effect on 
gene frequencies is linear: it includes mutation— which 
is usually negligible—selection for heterozygotes near 
equilibrium, and gene flow from a large external gene 
pool, either located at a long distance (long-range mi- 
gration) or unrelated to distance. A primary difficulty 
is that migration distances are distributed along a con- 
tinuum and it is arbitrary to separate it into short (m) 
and long-range migration (which is probably the most 
important factor contributing to M). 

After Wright’s pioneering work, the mathematical the- 
ory of inbreeding under isolation by distance was greatly 
advanced by the probability treatment of Malécot, who 
introduced the concept of kinship and its measure, the 
coefficient of kinship. The coefficient of kinship is de- 
fined as the probability of identity by descent of two 
genes, one from each of the two populations under com- 
parison, from a common “founder population.” Malécot 
(1950 and later papers) showed that, in a continuous 
as well as in a discrete linear habitat, the variation of 
kinship with distance may be expressed by the general 
formula (1.16.1) withe =0,b = // 
as in the Weiss-Kimura model) 

) 
| 


(2M /m) (formally 


a = 1/ I+ 4D J@mm)). 


where in the continuous case, m is the mean-square mi- 
gration distance per generation and D is the effective 
population (see sec. 1.4) density per generation; and in 
the discrete case, m is the migration between nearest 
neighbors per generation, and D is the average number 
of individuals per deme per generation; M has the same 
meaning as in the Kimura and Weiss model. Note that 
all these expectations are always valid at equilibrium. 

In the case of a two-dimensional continuous habi- 
tat, formulas (1.16.1) and (1.16.2) are still valid but 
c = 1/2 according to Kimura and Weiss. The simpler 
approximation c = OQ holds in this case only for small d 
and M/m nearly equal to | (Imaizumi et al. 1970). 

In conclusion, the model of isolation by distance pre- 
dicts that kinship, as a measure of genetic similarity be- 
tween populations, decreases exponentially with a pop- 
ulation’s distance from an initial value that measures the 
local kinship. 

Morton and many other authors have applied the 
model of Malécot to a number of human populations; a 
summary of their results can be found in Morton (1982). 
From a qualitative point of view, the relationship pre- | 
dicted by equation (1.16.1) is almost always verified 
with c = 0, even for populations living in a suppos- . 
edly two-dimensional habitat. The predictive power of 
this approach in obtaining demographic parameters like . 


(1.16.2) 


migration rates and population densities (eq. 1.16.2) is, 
however, limited. Two important reasons can be given. 
The first one is implicit in the simplifying assumptions 
of the model (equal population sizes for all demes, con- 
stant migration rates m and M, and, most important of 
all, lack of meaningful and empirically valid distinction 
between short- and long-range migration). Other prob- 
lems arise from the exact meaning of the kinships used in 
Malécot’s theory. Kinship is supposed to be a probabil- 
ity that depends on the gene frequencies of the ancestral 
founder populations. What we can actually measure is a 
covariance or correlation of the gene frequencies calcu- 
lated on contemporary populations. Under these condi- 
tions, some of the calculated “kinships” are negative and 
the model (1.16.1) predicting kinship cannot be fitted 
without a correction. Morton et al. (1982), in their “‘the- 
ory of kinship bioassay,” have proposed that an equation 
of the form 
rid) =(1-L)f(d)+L (1.16.3) 

best relates kinship estimated from contemporary popu- 
lations (“conditional kinship,” r(d)) to geographic dis- 
tance. 

The validity of this formulation and its capacity to 
cope with gene-frequency gradients unrelated to the equi- 
librium of migration and drift are still open problems. 

The availability of gene-frequency data on a world- 
wide basis has allowed us to test the relation between 
gene-frequency variation and distance over ranges wider 
than the narrow ones tested by Morton and others. One 
of the main problems faced by the Malécot model in 
Morton’s formulation (1.16.3) is that the simultaneous 
estimate of the parameters a, b, and L means that wide- 
range clines may affect gene-frequency variances mea- 
sured at short distances. We introduced (Piazza et al. 
1981a; Piazza and Menozzi 1983) a different parameter- 
ization, originally developed for geostatistic studies, that 
may avoid this problem by using the variogram, that is, 
a plot of gene-frequency variances at various distances. 
The isolation-by-distance model predicts that the vari- 
ogram increases with the distance between pairs of pop- 
ulations and reaches a plateau at a distance at which the 
effects of gene flow compensate for those of drift. 


THE VARIOGRAM 


If the distribution x; of a variable p (gene frequency 
in our case), specified at n geographic coordinates, is 
random and stationary (in genetic terms, equilibrium be- 
tween mutation plus migration and drift is assumed), the 
expected value E[ p(x)] at any point x does not depend 
on x, and the variance between any two points p(x;) 
and p(x; = x; + d) is independent of x and a function 
of the distance d only. 

In the model by Kimura and Weiss and the one by 
Malécot, stationarity of the evolutionary process is al- 
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ways assumed: at least for short distances, the covari- 
ances of gene frequencies at any two points, x; and x;, 
depend only on the distance d = x; — x;. The vari- 
ogram v(d) = v(i, j) between gene frequencies p(x;) 
and p(x ;) at locations x; and x; can be written as 
v(i, j) = 1/2 var [p(xj) — p(x], (1.16.4) 

and the isolation-by-distance model predicts (Piazza and 
Menozzi 1983) 


PUL oF) 
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(1.16.5) 


where P = E[ p(x)] is the expected value of the gene 
frequency assumed to be in equilibrium in the geograph- 
ical region being considered (hypothesis of stationarity). 
The other variables have the same meaning as in equa- 
tion (1.16.2). We use the standardization, 
vii, j)’ = vi, f)/PG — P), (1.16.6) 

(standardized variogram), in which the variogram is di- 
vided by the maximum theoretical value of the gene- 
frequency variance. This is analogous to transforming 
gene-frequency variances into Fst values. This transfor- 
mation is useful for comparing different alleles each with 
different equilibrium frequency E[ p(x)]. 

The variogram corresponding to the isolation-by- 
distance model is zero at the origin, is always increasing, 
and reaches the asymptote H, 


H = v(~) = 1/[1 + 4D /(2mM)]. 


The behavior of the variogram at short distances is 
approximately linear with an initial slope, s, which can 
be calculated to be approximately 


s = 1/[4mD + /(m/2M)]. 


The distance at which a variogram reaches an asymp- 
tote is referred to as the range of the variogram: it mea- 
sures the size of the geographical area within which 
isolation by distance causes an exponential decrease of 
genetic similarity. The initial slope of the variogram calcu- 
lated according to equation (1.16.8) depends only on the 
population structure (within the geographic area in which 
it is calculated) and should be the same for all alleles. 

The variograms for each allele and for each continent 
analyzed in this book have been estimated by calculating 
equation (1.16.4) for distance classes of 200 miles (when 
available). These values, once transformed according 
to equation (1.16.6), have been smoothed by using the 
locally weighted regression and smoothing technique de- 


(1.16.7) 


(1.16.8) 
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scribed in Cleveland (1979), which results in the almost 
continuous curves shown in the third of the three plots 
accompanying the gene-frequency maps. 

The origin of the empirical variogram could differ 
from the expected zero: it may show a positive cutoff 
value determined by the average sampling variance of the 
populations. Moreover, the distributions of variances for 
given classes of geographic distance are highly skewed 
and robust techniques should therefore be used. 

The initial slope of each variogram has also been cal- 
culated and is shown in each variogram plot. This es- 
timate, however, 1s biased because the expected cutoff 
value of the variogram at distance zero is not zero as 
predicted by the model, but is inflated by the sampling 
variance. 

An elementary analysis and interpretation of the var- 
iograms are given along with the description of single- 
gene maps. As far as we know, this is the first applica- 
tion to such an extensive data base. A preliminary and 
incomplete account of the approach has been given in 
Piazza and Menozzi (1983) and a more recent applica- 
tion (11 gene frequencies in European and Asian popu- 
lations) can be found in Barbujani (1988). 

In general, linear behavior has been confirmed for 
large intervals of geographic distance and for many 
genes. Some exceptions have usually simple and some- 
times interesting explanations. The deviations from 
monotonic behavior (maxima and minima other than 
the final asymptote) are probably due to one of at least 
three possibilities: (1) data are numerically inadequate 
(the variogram is not given when this 1s unequivocally 
true); (2) equilibrium in the spread of a new mutation 
has not been reached; (3) there may be boundaries be- 
cause of selection. We have not attempted any serious 
trial to test these possible explanations. The average be- 
havior over all genes (sec. 2.9) is certainly clearer than 
the behavior of a single allele and agrees with the idea 
that geographic distance is a major factor of population 
differentiation. 


VARIOGRAM VERSUS CORRELOGRAM 


The study of correlation between gene-frequency dif- 
ferentiation and geographic distance can be treated as a 
problem of spatial autocorrelation. We can define spa- 
tial autocorrelation as the correlation of the values of 
one variable with the values of the same variable at all 
other points of a two-dimensional surface. The analysis 
of spatial autocorrelation is a complex subject covered 
in several books (for a review, see Cliff and Ord 1981). 
The application of this approach to gene frequencies has 
been specially advocated by Sokal and his associates in 
a series of papers (Sokal and Oden 1978; Sokal 1979; 
Sokal and Menozzi 1982; Sokal and Wartenburg 1983; 
Sokal et al. 1986; Barbujani 1987b; Sokal and Winkler 
1987). A widely used coefficient of spatial autocorrela- 
tion 1s Moran’s index, 7 (Moran 1950), which is a cor- 
relation coefficient restricted to population pairs whose 
geographic distance (estimated by any desirable defini- 
tion or structure) is within a given interval, the central 
value of which is d. The plot of / values versus distance 
is referred to as the spatial correlogram. 

It has been shown (Barbujani 1987a) that Moran’s /, 
for any gene frequency and at any distance, d, is the 
ratio of the kinship, estimated for that allele and that 
distance, to Fst: 


I = f(d)/Fsr. 


Under isolation by distance, correlograms should de- 
crease monotonically with distance as kinship does; at 
zero distance, f(d = 0) = Fsyz, and then J = 1. An 
exponential decrease of the correlograms has actually 
been observed in the analysis of gene-frequency patterns 
when a model of isolation by distance has been simu- 
lated (Sokal and Wartenburg 1983). At large distances, 
I tends to L/Fsp (see eq. [1.16.3]), indicating that em- 
pirical correlograms—as in the Morton formulation of 
kinship—are more difficult to interpret than standardized 
variograms. 


(1.16.9) 


1.17. ADMIXTURES, THEIR ESTIMATION, AND THEIR EFFECT ON TREE STRUCTURE 


The generation of diversity among modern humans is 
the result of a large number of separations of splinter 
groups that migrated to other territories. The separation 
need not have been abrupt every time: simple demo- 
graphic expansion beyond the range usually covered in 
matrimonial migration, which is usually less than 100 
km in a settled population, is sufficient to increase di- 
versity. If the demographic expansion extends beyond 
physical barriers (like mountains, rivers, and seas that 
are difficult to pass), then some genetic discontinuity 
may eventually arise. 

The movements of whole tribes, even those of farm- 
ers, were certainly not infrequent, even when demo- 
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graphic expansion was limited or had completely ceased. 
People with more advanced agriculture are much more 
firmly settled, but even they may have been forced to 
move by long-term changes in climate, permanent loss 
of soil productivity, harassment by neighbors, or wars. 
Long-range movements cause the acquisition of new, 
sometimes very different, neighbors, and—in spite of 
the endogamous tendencies of most tribes— genetic ex- 
change with them may occur and affect their genetic 
pool. 

When two populations are geographically distant from 
one another, they tend to be rather different genetically, 
as discussed in the preceding section. Later movements 


may bring two such different populations geographically 
close to each other. Their mixture will generate a new 
population, intermediate between the two and probably 
unique. Ordinarily population mixtures do not occur in a 
“catastrophic” fashion, but are more likely to take place 
by the continuous slow infusion of individuals from one 
group into another neighboring group, usually in small 
amounts per generation. In certain circumstances the 
gene flow, as it 1s called, may occur only, or mostly, 
in one direction. This is the case for Black Americans, 
who, in the 300 or more years since they were forcibly 
taken from Africa to America have received genes from 
Caucasoid people in small proportions at every gener- 
ation. In the 10 or more generations since African ar- 
rival, the accumulated gene flow is perceptible, as noted 
in the lighter skin colors of Black Americans compared 
with that of individuals from West, Central, or South 
Africa. The direction of gene flow can also be noted for 
all genes that have different gene frequencies in Cauca- 
soids and Africans, for example, blood groups, RH, FY, 
or GM immunoglobulins. Glass and Li (1953) have used 
this information for estimating white ancestry in Black 
Americans. If the two parent populations, Caucasoid and 
African, have frequencies of a given gene ga and qp, 
and the proportion of the A type in the mixture is m of 
type A and (1 — m) of type B, then the gene frequency 
of the mixed population, gm, is given by 


gm = (l-—m)qp+mgda eayay 


so that given ga, gp, and qm one can estimate m. An 
important check of the hypothesis of admixture is that 
all genes should give the same estimate of m. Genes 
giving abnormal values of m may be affected by natu- 
ral selection, an important test unfortunately not easy to 
carry out because gene frequencies of parent populations 
are known only approximately. Moreover, estimates of m 
are inaccurate for recessive genes and when the differ- 
ence ga — gp 1s small. New information on DNA poly- 
morphisms, which are practically all codominant could 
change prospects of this type of research. In addition, re- 
search on mitochondrial DNA and Y-chromosome mark- 
ers could distinguish the proportions of unions involving 
males and females of the two groups, which are likely 
to be very different. 

In the case of Black Americans, the mixture was prob- 
ably by continuous slow infusion. Assuming that the 
proportion of genes entering a group is constant at every 
generation and knowing the number of generations, one 
can estimate the admixture rate per generation. Today 
the Black American gene pool is 30% Caucasoid; this is 
an approximate average for the United States, with val- 
ues ranging from 10% in the South to 50% in the North 
(T. Reed 1969). Probably some fraction of individuals 
with highly diluted African traits has passed the racial 
barrier, but the majority did not. After n generations, the 
proportion of admixture becomes m(n) 
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m(n) = 1-(1—m)’. CLV72) 


Assuming that 10 generations have elapsed since the 
peak rate deportation of slaves from Africa to the United 
States (1500-1880), the proportion m per generation can 
be estimated at 3.5%. 

It is not often appreciated that, in the long run, gene 
flow may be very effective in almost completely replac- 
ing the gene pool. Although most tribes are substantially 
endogamous around the world, some degree of exogamy 
per generation is common. Assuming that a tribe receives 
a gene flow of 1%, 3%, or 10% from an external source, 
the genetic dilution thus resulting can be calculated as 
in table 1.17.1 (generation time of 25 years). 


Table 1.17.1. Percentage of Residual Genotype After a Per- 
Generation Gene Flow m of 1%, 5%, 10%, and 20%, Using 
Formula (1.17.2) 


Time Gene Flow (%) per Generation 
Generations Years 1 5 10 20 
0 0 100 100 100 100 
1 25 99 95 90 80 
4 100 96 81 66 41 
8 200 92 66 43 17 
20 500 82 36 12 1.1 
40 1000 67 13 1.5 - 
80 2000 45 Le - - 
200 5000 13 ~ — - 


The great majority of exogamous marriages are formed 
by one member from one tribe and one member from the 
other tribe, and in such cases the migration rate useful 
for calculating gene flow is one half the frequency of 
exogamous marriages. 

When the residual genotype of the ethnic group that 
has received gene flow from an outside group is on the 
order of 10% or less, it is very difficult to estimate accu- 
rately, or even to detect. The table shows that even with 
a low rate of gene flow (1%-—3%), it may be difficult to 
detect an admixture after 2,000—-5000 years. Five hun- 
dred years are sufficient to cancel traces of the original 
population with a gene flow of 10%. These limitations 
must be kept in mind; gene replacement may in some 
circumstances be so nearly complete that it may be very 
difficult to reconstruct the genetic origin of a group. The 
important conclusion is that the genetic origin of groups 
that have been surrounded for a long time by populations 
of different genetic type can be recognized as different 
only if they have maintained a fairly rigid endogamy for 
most or all the period in which they have been in contact 
with other groups. 

Many formulas and procedures have been suggested 
and used to estimate the cumulative degree of admix- 
ture. Much work has been dedicated to improve statisti- 
cal methods (review in Chakraborty 1986), but they pri- 
marily take care of the sampling error of observed gene 
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frequencies. These sources of error are usually trivial 
compared with those of obtaining satisfactory gene fre- 
quencies for the ancestral populations and making as- 
sumptions on the evolution of the mixed and the parental 
populations. This is especially true when we are inter- 
ested, as we here are, in aboriginal populations whose 
admixtures often happened long ago and for whom the 
living descendants of the putative ancestral types are 
poorly known genetically. There is usually little if any 
knowledge of the demography of the parent and mixed 
populations in the intervening period after the admixture. 
The evolutionary changes that took place since admix- 
ture depend on the intensity of drift and other possible 
evolutionary factors that affected the populations whose 
data are used for the analyses. The best insurance against 
the various difficulties is to have data on more genes. 
In some cases we have used more sophisticated meth- 
ods (Wijsman 1984), but for rough estimates we have 
preferred to follow a simple approximate procedure us- 
ing the F'sy distances we have employed throughout this 


0% Allele freq. of gene 1 100% 


book. Figure 1.17.1 explains their meaning in terms of 
the gene-frequency space. One can easily realize that 
in the multidimensional space formed by all gene fre- 
quencies, a mixture between two populations is found 
on the line joining the two ancestral populations. This 
is the straight line shown in the first graph of figure 
1.17.1. Since the admixture occurred, however, all gene 
frequencies of A, B (ancestral populations) and M (the 
admixture) have changed to new values, A’, B’, M', 
which are no longer on a straight line but form a trian- 
gle (see second graph of fig. 1.17.1). These conclusions 
do not change if we replace the original gene frequen- 
cies p with the transformation p//(p(1 — p), where p 
is the general mean of frequencies of that gene. In such 
a space, the squares of the distances between points are 
the Fsy distances we have previously described. The ac- 
tual genetic distances are a logarithmic transformation 
of Fsr, but for the purpose of calculating admixtures we 


return to the original Fs; values before the logarithmic 
transformation. 


Once formed, a mixture M 

is on the straight line joining 
the two parental populations 

A and B, at a point determined 
by the proportions of A and B 
in the admixture. Here M isa 
mixture of 30% population A 
and 70% population B. 


After some independent random 
evolution of A, B, and M, the 
Straight line becomes a triangle. 


Full circles: original values 
Open circles: after some time 


In older admixtures the triangle 


time 


is less flat. 


The admixture in this example 
is no longer recognizable as such. 


Admixture proportion and time of 
occurrence can be estimated 
assuming minimum evolution ata 
constant rate. The admixture 
proportions are estimated from 
AM’, M’B relative to AB. 


Fig. 1.17.1 Triangles expressing 
population mixtures. 


If we could estimate the drift, or, more generally, the 
amount of evolution that has taken place since the ad- 
mixture, we could obtain better estimates and tests of ad- 
mixture. Usually, however, no information is available, 
and it is then simplest to assume that the amount of evo- 
lution accumulated since admixture in all three popula- 
tions is equal (the hypothesis of constant evolutionary 
rates). In the last graph of figure 1.17.1, the amounts of 
evolution are the three vertical dotted segments of equal 
length. The proportion of genes contributed to M by A, 
m is then given by 


m = 1/2 + (fam — fam)/(2 * fas), 


where fap is the Fsz distance between ancestors and 
fam, fgm, the distances between each of the two ances- 
tors and the mixture. 

The amount of evolution since admixture for A,B,M 
populations is then a function of half the height of the 
triangle. In Cavalli-Sforza and Piazza (1975), we gave 
formulas predicting genetic distances between the mixed 
population M and the ancestors. Here we use those for- 
mulas to calculate the time between the separation of 
the ancestors and the occurrence of the admixture, f, 
expressed as a fraction of the total since the ancestral 
separation. The time since admixture, always a fraction 
of the total time since the ancestors separated, is | — f. 
From the formulas given in Cavalli-Sforza and Piazza 
(1975), one can derive the following formula for fr, as- 
suming constant evolutionary rates and using genetic dis- 
tances, that is, in general, djy = — log.(1 — fis): 


— L- (dam + dpm)/2d ap 
Se eT ee (1.17.4) 


(1.17.3) 


The formula is not valid if the estimate of relative time 
obtained is greater than that of separation of the ancestors 
(1.e., if dam +dpm > 2d ap), in which case a postulated 
mixture 1s certainly suspect. 

Acceptability of results depends on the validity of the 
hypothesis of constant evolutionary rates, but there is lit- 
tle to be gained by making more complicated hypotheses 
that would essentially rule out the possibility of making 
time predictions. Those made under the set of assump- 
tions suggested here will be best tested against external 
evidence. 

Graphic presentations of populations in the multidi- 
mensional space of gene frequencies, as seen in figure 
1.17.1, show that recent admixtures lie on the line join- 
ing the two parental populations. This property is un- 
changed if we use principal components instead of gene 
frequencies as coordinates. Thus, a mixed population lies 
on the line joining the two parental populations even in 
maps of the first two or three PCs, but the reverse clearly 
is not true: populations that are on the line joining two 
others are not necessarily admixtures of those two. We 
have already seen that geographic maps of PCs are use- 
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Fig. 1.17.2 Examples of distortion in tree reconstruction 
caused by admixture (horizontal dotted line in I). I, Un- 
rooted tree reconstructed by various methods. III, Rooted 
tree reconstructed by average linkage. 


ful for detecting migrations responsible for admixtures 
between immigrants and residents. 

Further important consequences of admixture affect 
the interpretation of trees. The genetic exchange going 
on all the time between neighbors makes the use of trees 
less desirable for geographically close populations. It 
might seem that the tree would reflect the geographic re- 
lationships rather than the historical ones. This expecta- 
tion is denied, however, by experience with the Makiri- 
tare (Wand and Neel 1970), in which the opposite seems 
to be true. The Makiritare villages, however, are often 
on the move and their geographic interrelationships may 
be less meaningful than those for truly settled farming 
communities. 

When population samples come from widely scattered 
geographic locations, the effect of migration between 
neighbors is diluted enough that it may be negligible. 
Here ancient genetic exchanges between remote branches 
are especially important and interesting, and their discov- 
ery has special value. 

One can easily predict the effect of hybridizations and 
fusions on the expectations of a tree. In figure 1.17.2 
we have a theoretical example of a fusion between two 
populations by admixture in known proportions of two 
branches, followed by independent evolution. The rel- 
evant theory was given in Cavalli-Sforza and Piazza 
(1975) and later extended (unpublished), and it shows 
that admixture affects the distances of mixed popula- 
tions in a number of ways that can often be detected by 
inspecting a distance matrix and the reconstructed trees. 


1. A mixed population is expected to have a shorter branch 
than the parental populations from which it originates. 
The short branch is detectable, however, only with meth- 
ods of tree reconstruction that do not postulate constant 
evolutionary rates. Shorter branches cannot be observed, 
therefore, with average linkage or maximum likelihood, 
but only with additive tree, minimum path or neighbor 
joining. Trees reconstructed with either of the first two 
methods are affected by the distortions summarized in the 
two points below. 

2. If a population has a mixed origin, the characteristic 
block pattern of the distance matrix shown in figure 1.12.2 
will be altered. A mixed population will show a character- 
istic distortion of all its distances, those with the parental 
populations being especially small, and the overall tree- 
ness will be affected (Astolfi et al. 1978). 
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Table 1.17.2. Genetic Distances (x 10,000) between Three East 
Asian and Four European Populations (the last row is an artificial 
admixture of 40% Ainu and 60% English) 


AIN JPN KOR BAS ENG ITA’ GRK 
Ainu 0 
Japan 223 0 
Korea 358 138 0 
Basque 1153 1481 1063 0 
English 1220 1244 983 120 0 
Italian 1111 1145 937 141 51 0 
Greek 739 =1175 904 232 204 77 0 


Admixture 452 334 450 313 198 203 201 


Note.— The upper triangle in the distance matrix includes all distances 
between East Asians. The lower triangle includes all distances between 
the four European populations. This is a reasonably good tree, as the 
rectangle formed by the East Asian x European distances are all high and 
only moderately variable. 


3. In the ordinary type of bifurcating trees constructed on 
the assumption of constant evolutionary rate (in practice, 
average linkage), the mixed population will tend to be 
inserted in the tree in a position not far from the parental 
population that has given the greater genetic contribution. 
Its apparent branching time will tend to be earlier than 
that at which the mixture occurred. 


In table 1.17.2 we represent the effect of admixture 
on a distance matrix and its corresponding tree. The ta- 
ble clearly shows two clusters: one of three East Asian 
populations, and the other of four European populations. 
The upper triangle in the distance matrix includes all dis- 
tances between East Asians, varying from 138 to 358, 
while the lower triangle includes all distances between 
the four European populations, varying from 77 to 232. 
This is a reasonably good tree, as the distances between 
the East Asians and the Europeans (in the rectangle) 
are all high and only moderately variable (from 739 
to 1481). A more exact analysis could be done, as in 
Cavalli-Sforza and Piazza (1975), but here we are inter- 
ested only in a qualitative picture. The tree is shown in 
figure 1.17.3. 

In order to introduce the effect of admixture on the 
distance matrix and tree, an artificially mixed population 
was created. The gene frequencies for this population 
were calculated arbitrarily, summing 40% of the gene 
frequency of the Ainu and 60% of that of the English. 


Ainu 
Japanese 
Korean 


Basque 
English 
Italian 
Greek 


Fig. 1.17.3 The tree of seven populations shown 
in table 1.17.2. 


The distances between the admixture and the real pop- 
ulations were then calculated (shown in the last row of 
table 1.17.2). Distances between the admixture and the 
three East Asian populations (first three values of the last 
row) are definitely smaller than those between Europeans 
and East Asians (forming a clearly distinguishable rect- 
angle). The same is true for the distances between the 
admixture and the four European populations (last four 
values of the last row). Thus, the last row of the distance 
matrix shows that the admixture is a unique population 
that does not fit the pattern of a tree. 

If a tree is nevertheless calculated from the distance 
matrix of table 1.17.2 by average linkage, the admix- 
ture attaches to the European cluster (fig. 1.17.4). This 
result is reasonable, as the admixture is predominantly 
European. In addition, the admixture’s distinct identity 
is shown in that it is an outlier within the European 
cluster. 

In theory it is possible to construct a tree with connec- 
tions between the branches, and we show an example 
in section 2.4 that follows fairly closely that given in 
figure 1.17.2. As mentioned earlier, interconnected trees 
are called networks. In the language of graph theory, 
trees bifurcate or multifurcate, but their branches do 
not connect; in fact, in the simplest hypothesis, all 
branches should evolve independently. In a few papers, 
especially regarding the Yanomama and Makiritare, the 
word network has been used to define ordinary trees 
reconstructed from populations known to be _histori- 
cally interconnected. This usage seems confusing. It is 
preferable to avoid the word “network” when referring to 
ordinary trees. An attempt has been made at reconstruct- 
ing true networks (Lathrop 1982). This method tries all 
possible mixtures between all possible pairs of ancestral 
populations presumed to have existed at a given time 
for all times and selects those that seem acceptable. 
Unfortunately, the method gave erroneous results in an 
application to American Indian data for which the his- 
tory of major fusions is at least approximately known. 
The reason for the failure of this elegant method became 
clear by experimenting with simulations on the possi- 
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Greek oan 
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Admixture: { F roish 60% | 
Fig. 1.17.4 Tree of the seven populations to which an 
artificial admixture made of 40% Ainu and 60% English 
was added, as in the last row of the distance matrix of 
table 1.17.2. 


bility of recognizing only a few (one or two) specific 
admixtures introduced in a simulated tree. The inves- 
tigation (P. Darlu, pers. comm.) showed that a tree 
with interconnections can be successfully reconstructed 
only with a large number of genes, much greater than 
those ordinarily available. For instance, with simulated 
trees of 7-8 populations, it was necessary to use 200- 
400 independent characters (or genes) for error-free 
detection of admixtures generating interconnections be- 
tween branches. Even higher numbers of genes could 
be reached today by using the new batteries of polymor- 
phisms known. Nevertheless, in searching mixed popu- 
lations in the analysis of reticulate evolution, it is simpler 
to analyze potential admixtures directly by methods that 
test only the two parents and the putative mixture using 
simple methods like the one suggested above. Help in 
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detecting potential admixtures may come from applying 
the bootstrap to the tree because mixed populations of- 
ten tend to be attached to different clusters in different 
bootstrap trees. The instability of attachment of a pop- 
ulation to its cluster under bootstrapping is especially 
noticeable for populations in which admixture is sub- 
stantial. The tendency of a population to leave its clus- 
ter and join another in different bootstrap trees gives 
some cues on the clusters contributing to the admix- 
ture. The presence of mixed populations in standard tree 
reconstruction may sometimes alter the shape of the re- 
constructed tree. It is therefore good practice to try re- 
construction with and without populations suspected of 
admixture, or to avoid including them. The full anal- 
ysis of reticulate evolution remains an important task 
for the future. 


2 GENETIC HISTORY OF WORLD 


POPULATIONS 


2.1. Paleoanthropological background 
2.2. Early quantitative phylogenetic studies 


2.3. Analysis of classical markers in forty-two 


selected populations 
2.4. Analysis of DNA data 
2.5. Comparison with archeological data 


2.6. Comparison with linguistic classifications 


2.7. The importance of expansions in human 
evolution 


2.1. PALEOANTHROPOLOGICAL BACKGROUND 


2.1.a. THE GENUS Homo 


Africa has been the site of the most interesting recent 
discoveries of fossils in the human line and is there- 
fore, unless new findings change the picture, also the 
cradle of the most ancient living beings that paleoan- 
thropologists are willing to call Homo. According to the 
most commonly accepted recent views, the nearest an- 
cestor from which the genus Homo separated is Aus- 
tralopithecus afarensis, specimens of which (including 
the famous “Lucy”’) were found in different locations in 
East Africa and dated between 3 and 4 million years ago. 
From A. afarensis descended four other species of aus- 
tralopithecines: A. africanus and A. robustus in southern 
Africa and A. aethiopicus and A. boisei in East Africa, 
as well as the genus Homo. The first species in our direct 
line of descent is H. habilis, followed by H. erectus and 
by H. sapiens, the latter being the only species living 
today. All australopithecines on the collateral lines are 
extinct. 

The history of the genus Homo begins around 2.5 mil- 
lion years ago; and the divergence of modern humans 
among themselves may be only 100,000 years old, al- 
though several paleoanthropologists favor older dates. 
We choose to refer to these dates with the following 
symbols: my, million years; mya, million years ago; ky, 
thousand years; kya, thousand years ago. In general, for 
dates younger than 10,000 years ago (i.e., 10 kya), we 
prefer, for example, 6000 years, rather than 6 ky. “Years 
ago” corresponds approximately to years B.P. (years be- 
fore the present). The approximation derives from the 
custom of referring to B.P as the year A.D. 1950. Unless 


2.8. Extent of genetic variation by Fsy analysis 

2.9. Genetic variation and geographic distance 

2.10. Maps of single genes 

2.11. Synthetic maps of the world 

2.12. Homozygosity 

2.13. Correlations with climate 

2.14. Area and time of origin of major mutants, 
with special attention to hemoglobins 

2.15. A brief summary of human evolution 


otherwise specified, radiocarbon dates are not corrected 
by the tree-ring method. Historical dates are given as 
B.C. Or A.D., aS 1S usually done. 

Until recently there was considerable uncertainty on 
the phylogeny of australopithecines and human ancestors 
(Johanson 1989). A consensus has now been reached in 
favor of the phylogenetic structure shown in figure 2.1.1 
(Johanson, personal communication). 

All australopithecines were small, with an average 
weight of about 50 kg but with extreme individual 
size variation within each species (probably due in part 


A. afarensis 
H. habilis A. africanus A. aethiopicus 
H. erectus A. robustus A. boisei 


eS SS 


(extinct ca. 1 million years ago) 


H. sapiens 


Fig. 2.1.1 Common part of four phylogenies proposed 
for the descent of humans from Australopithecines (after 
Johanson 1989). 
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to sexual dimorphism). From new reconstruction, the 
stature of early afarensis is about 1.1 m (3'6"). “Ro- 
bust” refers to large tooth and masticatory apparatus, not 
to body size (Johanson 1989). They were all bipedal, 
but perhaps at the beginning not exactly like modern 
humans. Their brains were smaller than those of later 
humans, as calculated from endocranial capacity (range 
380-520 cm?; all braincase volumes from Klein 1989a). 
Although their brains were about as large in absolute 
values as those of our closest surviving relatives (chim- 
panzees and gorillas), they were definitely larger relative 
to general size. 

In the human line we find three species, in order of 
time: 


1. Homo habilis. Homo habilis has been found with 
certainty only in Africa, where it must have originated 
from australopithecines; this species lived between ca. 
2.5 and 1.5 mya (Klein 1989a). The brain size of these 
first humans is definitely larger than that of the australo- 
pithecines (range 510-750 cm*), but their brains were 
still less than half our size, on the average. The skull 
shows a low cranial vault and heavy brow ridges. Homo 
habilis was capable of making tools; in fact, the oldest 
known stone tools are of African origin and are 2.4—2.7 
my old, somewhat older than the oldest known spec- 
imens of Homo habilis (2.2—2.3 my). The first stone 
tools made by humans are of a type called the ““Oldowan 
industrial complex” and are especially simple. 


2. Homo erectus. From 1.5 to 0.3 my, H. erectus, 
the first hominid clearly found outside of Africa, ex- 
panded from Africa to Europe, West and South Asia, 
and East Asia but not North Asia (which was perhaps 
too cold for the survival skills of this ancestor). It may 
have persisted in Java and China later than in Europe 
and Africa. The braincase is larger than that of H. ha- 
bilis, with a range of 850-1100 cm*. The name seems 
a misnomer since bipedalism is older. There has been 
considerable discussion over the phylogenetic position 
of H. erectus, but the sequence habilis-erectus-sapiens 
is now accepted by the majority of paleoanthropologists. 
A new style of stone artifacts, Acheulean, accompanied 
the development of H. erectus in Africa and is proof 
of its presence in Europe and West Asia where no hu- 
man bones were found (Klein 1989a). These artifacts 
did not extend to East Asia, where tool kits always re- 
mained consistently poorer after this time, possibly be- 
cause many tools were made from the widely available 
but highly perishable bamboo (Pope and Cronin 1984). 


3. Homo sapiens. The next human type to appear is 
that of our species; Homo sapiens, first found in Europe 
early at least 300 kya. By the time of its appearance the 
modern brain size, 1200-1500 cm*, had been reached. 


Table 2.1.1A. Geological Subdivisions of the Last 1.5 Million Years 


Era Time Period Development of Humans 
Pleistocene 
Early 1.7 m.y.a. — 700 k.y.a. Homo habilis — H. erectus 
(or Lower) 
Middle 700 k.y.a. —- 180 k.y.a. H. erectus — H. sapiens 
Late 130 k.y.a.—10k.y.a. anatomically modern 
(or Upper) humans (a. m. h. or 


a. m.m.) in Africa and 
Asia 

a.m. h. in Australia, 
Europe (after Neander- 
thals), and America 
(radiating from Asia) 

beginnings of agriculture 
in nuclear areas 


Later 50 k.y.a. — 10 K.y.a. 


Holocene 10 k.y.a. 


At first H. sapiens showed no dramatic evidence of behav- 
ioral progress with respect to H. erectus (Klein 1989b). 
Before continuing with the last part of human evolu- 
tion, which is more accessible to genetic investigations, 
it may be useful to report schematically some standard 
names of the various periods defined for the last million 
years (table 2.1.1 A,B). Geological definitions include 
the Pleistocene (from 1.7 or 1.6 mya until 10 kya) and 


Table 2.1.1B. Subdivision of Stone Industries over the Last 1.5 
Million Years in Order of Appearance and Complexity, with Names 
of Some Major Cultures Used by Archaeologists 


Stone Industry Culture 


|. Simple flakes and cores, choppers Oldowan 
Il. Simple, formally shaped tools Acheulean 
(e.g., hand axes); tools flaked 
by direct percussion 
Ill. Flakes prepared by striking cores 
made in advance 
IV. Blades and burins 


Late Acheulean, Levalloi- 
sian, Mousterian, others 

Many cultures of European 
and Near Eastern Upper 
Paleolithic 

Many cultures of terminal 
Paleolithic, especially in 
Europe; also called 
Mesolithic 

Neolithic 


Note.— Archaeologists use the terms “Paleolithic” and “Neolithic,” which 
correspond only approximately to Pleistocene and Holocene. Paleolithic is 
subdivided into Lower (or Early), Middle, and Upper (or Late). These 
subdivisions are similar but not identical to those of the Pleistocene. In 
fact, the archaeological classification is based on a different criterion, the 
type and degree of development of stone industries. The sequence and 
periods of stone industries vary from place to place, as do the definitions 
of Paleolithic and its periods. To avoid this source of confusion, J. G. D. 
Clark (reported in Tattersall et al. 1988, p. 417) proposed the above 
subdivision of stone industries. The Paleolithic is followed by the Neolithic, 
which begins in some of the earliest areas with the beginning of the 
Holocene, but at other times in most areas. It has different local 
definitions: in Europe and West Asia it refers to the beginning of farming 
and lasts until the age of metals, whereas in other areas Neolithic is often 
marked by the presence of pottery and may be anterior to the 
development of agriculture. 


V. Microliths and composite tools 


Vl. Ground stone tools 
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Holocene Epochs (the last 10 ky). Archaeological defi- 
nitions include the Paleolithic and Neolithic with similar, 
but not identical, durations and subdivisions. 


2.1.b. THE SPECIES HOMO SAPIENS 


The most ancient specimens of H. sapiens, referred 
to as early or archaic, are more robust than modern hu- 
mans, showing thicker skull bones and bone crests usu- 
ally not present in modern humans. The evolution from 
erectus to sapiens may have been somewhat different in 
different parts of the world, and later in the East. During 
the period before the origin of anatomically modern hu- 
mans (a.m.h.) there appeared a subspecies of H. sapi- 
ens, first found 150-200 kya, H. s. neanderthalensis. 
More robust than modern humans, it developed in Eu- 
rope from the archaic ancestor and was for a long time 
the only human type living in Europe and parts of the 
Near East until the appearance of modern humans. The 
expansion of Neanderthals to the Near East may have 
been secondary, having perhaps taken place between 100 
and 50 kya. The nearly simultaneous disappearance of 
Neanderthals in various parts of Europe, coincided ap- 
proximately with the first appearance of modern humans, 
between 40 and 30 kya. Neanderthal geographic distri- 
bution at its peak is shown in figure 2.1.2. The Nean- 
derthal brain was a little larger than that of archaic H. 
sapiens and even of ours. There is no strong archaeo- 
logical evidence of substantial behavioral progress, but 
the tools developed by Neanderthals, called Mousterian, 
were a little more advanced than Acheulean (H. erectus 
and archaic H. sapiens). Whether they had funeral rites 
is controversial. 


Fig. 2.1.2 Geographic distribution of Homo sapiens 
neanderthalensis. The shaded areas correspond to 
European and Near Eastern populations. (After Giacobini 
and Mallegni 1989; Vandermeersch 1989a.) 
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Fig. 2.1.3 The multiregional or polycentric (A) and 
rapid-replacement (B) models of the origin of modern 
humans (after Stringer 1989b). 


The subspecies to which all a.m.h. belong is called H. 
5. Sapiens and its most remote origins were, according to 
several paleoanthropoplogists, somewhat before 100 kya 
in East and South Africa. It shows rather clear-cut differ- 
ences from all earlier humans, including the latest extinct 
representative, the Neanderthal. For instance, in modern 
humans, the angle formed by the axis of the skull and 
that of the face is close to 90°, whereas in Neanderthals, 
the face is projected forward and the vault of the skull 
is relatively lower with respect to the face; eyebrows are 
prominent in Neanderthals, the chin is rounded and not 
pointed, and there is an occipital bun. These and other 
differences usually allow one to classify skulls almost 
unambiguously into the two types. Although the earliest 
a.m.h. made Mousterian-like stone artifacts not dissim- 
ilar from those of Neanderthals, in the last 50 ky they 
developed a different, more advanced arsenal of tools, 
called Aurignacian in some important areas and periods, 
which showed considerable variation in time and space 
and is therefore given many different names depending 
on periods and areas. It was suggested (Isaac 1976) that 
this much increased variation of tool kits accompanies 
and parallels the use of modern language and its rapid 
differentiation in time and space. 

How did modern humans originate? There are two 
different explanations (fig. 2.1.3). Weidenreich (1939) 
first suggested regional continuity, meaning that “racial” 
types observed today in four regions like the Near East, 
South and East Africa, North China, and Southeast Asia 


Ngandong 


Australians 


} 
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derived directly from locally found types of archaic H. 
sapiens and even H. erectus. Thus, he suggested not one 
but at least four centers of origin of modern humans. 
According to this polycentric hypothesis, Neanderthals 
were an intermediate stage in the transition from early 
H. erectus in Europe to modern Europeans, and modern 
Australians derived from Indonesian H. erectus also via 
intermediate stages, like the Ngandong skull from Java 
(a late H. erectus dated to perhaps 200 ky, Habgood 
1989), and so on for the other regions. This polycentric 
or multiregional hypothesis was further elaborated upon 
and strongly defended by Coon (1963) and Wolpoff et al. 
(1984). The major difficulty of this hypothesis is that it 
requires parallel evolution over all of the Old World for 
a long period; the same changes from H. erectus to mod- 
ern humans are postulated to have taken place to a large 
extent independently in regions far from one another. It 
is questionable from a genetic point of view whether par- 
allel evolution can continue for a long period and even- 
tually produce organisms very different from the original 
ones (e.g., in brain size and function, skull shape, etc.) 
but highly similar to each other (brain has increased, 
skull has changed shape, brain function has improved 
dramatically). There are local differences only in some 
details of skull shape, which seem to have been main- 
tained across this long period of evolution, especially in 
East Asia. Other interpretations of these phenomena are 
possible, but we give a detailed discussion of the genetic 
aspects of the hypothesis later. 

Other archaeological work has shown that modern 
humans appeared in East and South Africa (fig. 2.1.4) 
long before their appearance in the more remote parts 
of the world. The earliest African dates are around 100 
kya, although with some degree of uncertainty (Border 
Cave, Klasies River Mouth; see Klein 1989a; Rightmire 
1989). Finds at Laetoli, Omo, and others may be older 
and somewhat more primitive. In fact, in Africa the skull 
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Fig. 2.1.5 Transition from Homo erectus to archaic and 
then to modern H. sapiens in East Africa, according to 
Brauer (1989a). Bodo in Ethiopia, Ndutu and Eyasi in 
Tanzania, Eliye Springs in Kenya, Laetoli 18 in Tanzania, 
Omo 2 and Omo | in Ethiopia, and Mumba XXI in 
Tanzania. 


evolution from H. erectus to archaic H. sapiens to mod- 
ern H. sapiens shows some continuity (fig. 2.1.5). The 
presence of these earlier African types further supports 
the evidence from initial dates that the first development 
of a.m.h. occurred in East and South Africa (Brauer 
1989a, b). 

The hypothesis that the origin of modern humans took 
place in Africa is presented in figure 2.1.3b. It assumes 
that African a.m.h. expanded from Africa to Asia and 
the rest of the world, rapidly replacing the earlier human 
types living in these other regions. The replacement hy- 
pothesis has the advantage of not demanding a parallel 
evolution in many remote areas, but does not explain 
claims of regional continuity outside Africa. 


~ 100,000 years old 
1. Klasies River Mouth cave 
2. Omo 
3. Qafzeh 
4. Border cave 
5. Skhul 


probably >60,000 years old 
6. Liujiang 


probably >30,000 years old 
7. Niah cave 


about 30,000 years old 
8. Cro-Magnon 
9. Tabon 
10. Mungo 


probably >15,000 years old 
11. Zhoukoudian upper cave 
12. Minatagowa 


Fig. 2.1.4 Sites where the 
earliest remains of Homo 
sapiens sapiens have been 
found (adapted from Stringer 
1988a). 
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The sample of opinions of modern paleoanthropologists 
that appear in the most recent reviews (e.g., Giacobini 
1989, and the more extensive Mellars and Stringer 1989) 
shows little consensus. Perhaps a small relative majority 
is in favor of the African origin and rapid replacement 
(Brauer 1989a, b; Rightmire 1989; Stringer 1989a, b), 
but obviously the correctness of a view cannot be decided 
by ballot. Wu (1988), Wolpoff (1989) and to some extent 
Vandermeersch (1989b, c), maintained strong support of 
the multiregional hypothesis, while others preferred to 
discuss archaeological facts for and against both hypothe- 
ses (Groves 1989; Habgood 1989; Rouhani 1989). 

The first appearance of a.m.h. outside Africa is in the 
Middle East. A number of finds of Neanderthals and of 
modern humans are in this region, sometimes at short 
distances from each other, as for example, at Mount 
Carmel caves. Until a short while ago, they were very 
poorly dated and believed to be much later (40-50 kya) 
than suggested by recent datings. Thermoluminescence 
dating of tools associated with some clearly modern hu- 
man remains from a cave at Qafzeh, near Nazareth in 
Israel, provided an unexpectedly early date of 92 +5 
kya (Valladas et al. 1988) followed by an estimate of 
115 + 15 kya obtained by electron spin resonance (ESR; 
Schwartz et al 1988). Another collection of modern hu- 
mans from a nearby cave (Skhul in Mount Carmel) gives 
a similar date by ESR (Stringer et al. 1989). These dates 
do not differ greatly from the earliest African a.m.h. 
Taken in isolation, the Israel dates may raise questions 
concerning the validity of African origins for a.m.h. by 
providing a possible alternative origin in West Asia at a 
similar and perhaps earlier time. Support for an African 
origin, however, comes from the existence of earlier ar- 
chaic specimens that seem to be in the direct line of 
descent to modern humans and that have not so far been 
found in the Middle East. It has been suggested that early 
a.m.h. occupation of the Middle East was only tempo- 
rary. A Neanderthal date obtained by modern techniques 
from Kebara, 35 km east of Mount Carmel, is 60 kya 
(Valladas et al, 1987); this date is later by almost 40 
ky than a.m.h. in the same area. This may indicate that 
Neanderthals replaced early a.m.h. settlers in the Middle 
East. However, the number of known samples of a.m.h. 
is so small and the areas investigated so few that new 
discoveries could dramatically alter the picture. 

Outside Africa and the Middle East, dated remains 
of archaic H. sapiens and modern humans are definitely 
from a later period. The earliest evidence of modern 
humans in Europe is found between 35 and 40 kya (as we 
discuss in greater detail in chap. 5.); in China, perhaps 
as early as 67 kya at Liujiang (Brocks and Wood 1990); 
in Australia, 55 kya or earlier (see chap. 7); in America, 
at the earliest 35 kya (but according to many, only later, 
15-20 kya. An important gap in the record, from 100 
kya to 50 kya yields no information of events in most 
of Asia regarding a.m.h. (see fig. 2.1.4). 


The gap might simply be due to the lack of archae- 
ological or paleoanthropological findings, but it corre- 
lates with another phenomenon that demands an expla- 
nation: there is an important cultural difference between 
the earliest a.m.h. (ca. 100 kya) from Africa and from 
the Middle East and the a.m.h. of about 50 ky later. The 
arsenal of stone tools shows that a clear change occurred 
in these 50 ky: that of 100 kya is Mousterian, not clearly 
different from the tool kit of archaic H. sapiens or Nean- 
derthals. That of 50 kya is Aurignacian or related, varies 
locally, and accompanies an intensely active population 
that is expanding to the whole world. The change of tool 
kit, its extensive spatial variation beginning at this time 
(Isaac 1976), and the migratory activities indicate that 
important behavioral changes took place in this black 
period between approximately 100 and 50 kya, and that 
“the appearance of the modern physical form [of H. s. 
sapiens, 1.e., a.m.h.] preceded the appearance of fully 
modern behavior” (Klein 1989b). 


2.1.c. TOTAL OR PARTIAL REPLACEMENT? 


With all the caution that the current poverty of paleo- 
anthropological information requires, it seems reason- 
able to assume that a.m.h. advanced geographically from 
Africa and West Asia toward East Asia, Europe, Amer- 
ica, and Australia. Anatomically modern humans are first 
found in the west and seem to have gradually worked their 
way eastward to occupy all of the Old World, finally en- 
tering the New World from a western direction. Most of 
the eastward progress is poorly known, but at least the 
two continents entered last, America and Australia, were 
clearly occupied by expanding populations originally lo- 
cated in Northeast Asia and Southeast Asia, respectively. 
It seems reasonable to assume that such a geographic ex- 
pansion of a.m.h. began in Africa and the western part 
of Asia and that its extension to America and Australia 
was simply the terminal phase of this radiation. Our un- 
derstanding of the early phases of the expansion to Asia 
(especially its eastern regions) and to Europe is compli- 
cated by the fact that these regions were already popu- 
lated by other human types. Therefore, important ques- 
tions arise concerning possible replacements, admixtures, 
or more complex evolutionary phenomena involving the 
interaction of an expanding a.m.h. and preexisting types, 
in particular archaic H. sapiens and Neanderthals. 

1. Archaic H. sapiens or earlier types in Asia seem to 
show superficially Mongoloid and, less clearly, Australoid 
features in some local fossils of East and Southeast Asia, 
respectively. This phenomenon suggests regional continu- 
ity and therefore a polycentric model; but, if one accepts 
the hypothesis of an eastward a.m.h. expansion, it could 
also be interpreted as the result of admixture between the 
immigrant and the resident populations. 

2. Before their disappearance, Neanderthals may have 
established relations with modern Europeans and hence 
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may have contributed to the gene pool of modern Euro- 
peans. Three hypotheses have been made: (a) the Nean- 
derthals transformed into modern Europeans; (b) a.m.h. 
from the Near East completely replaced Neanderthals; 
and (c) partial admixture took place in the expansion of 
modern a.m.h. from Asia (for fairly recent reviews, see 
FH. Smith 1984; Stringer et al. 1984; Trinkaus 1984). 

The admixture between expanding a.m.h. and ear- 
lier human types is a biological possibility. Barriers to 
fertility are usually slow to develop, and interspecific 
differences barring interfertility may take a long time, 
perhaps a million years or more in mammals, on the 
average. Barriers to interfertility of a cultural and so- 
cial nature may be more important than the biological 
ones. One hypothesis made earlier (see, e.g., Cavalli- 
Sforza et al. 1988) is that a.m.h. may have owed its 
greater fitness, which conferred its undoubted capacity 
to expand demographically and geographically, to bet- 
ter communication—that is, to a higher level of lan- 
guage skills—which may have been the major process 
accompanying the formation of a.m.h. High-level lan- 
guage skills may have developed in the transition from 
archaic to modern humans, or in the period of matu- 
ration of a.m.h. between 100 and 50 kya mentioned 
above, or over both periods. This explanation is, of 
course, hypothetical and difficult to test, but it should 
not be easily dismissed. It is true that hypotheses of a 
lower level of linguistic ability in Neanderthals (Lieber- 
man 1989; Marshall 1989) are difficult to reject or con- 
firm, but it is also likely that communicative abilities 
must have evolved in the genus Homo starting at a very 
low level, comparable to that seen in nonhuman Pri- 
mates. This long process must have gone through sev- 
eral steps. At the latest step, the most recent human 
types like a.m.h. are likely to have been provided with 
better means of communication than any earlier type, 
including most immediate predecessors like archaic H. 
sapiens or Neanderthals. If the speaking and linguis- 
tic skills of a.m.h. were truly different from those of 
other human types, the chance of genetic exchange be- 
tween them may have been greatly reduced. Until the 
last century, humans with impaired possibilities of com- 
munication because of hearing or speech defects were 
essentially barred from reproduction, that is, they had 
a Darwinian fitness close to zero (Frazer 1976). If ad- 
mixture with other human types surviving at the time of 
a.m.h. expansion was possible but limited, we can un- 
derstand more easily why individuals with the characters 
we recognize as paleoanthropological markers of a.m.h. 
(skull-shape traits, the most important if not the only 
ones we have) spread so effectively across the world, 
and little, if anything, remained of previous types. 

It is of interest to consider in more detail the evi- 
dence for admixture or other phenomena that may have 
occurred with respect to East Asians and/or to Ne- 
anderthals. For East Asia, Groves (1989) reanalyzed in 


some detail the traits that were proposed in favor of 
regional continuity in East Asia, like facial flatness, 
large bizygomatic breadth, small frontal sinuses, pecu- 
liar nose-root morphology, shovel-shaped upper incisors, 
smaller development or absence of third lower molars, 
high frequency of Inca bone (a supernumerary occipi- 
tal bone), and others, as well as several traits consid- 
ered characteristic of the Australoid region (discussed 
in chap. 7). Groves’ concluded that the evidence is less 
strong than ordinarily believed, but did not dismiss it. In 
section 2.2 we see that multivariate craniometric anal- 
ysis does not support regional continuity theories but 
does not falsify them. Other paleoanthropologists have 
strongly supported a degree of regional continuity in East 
Asia, and the problem should continue to be given seri- 
ous consideration until a totally satisfactory answer can 
be obtained. 

The case of the Neanderthals is more complex. Ne- 
anderthals were certainly the only occupants of a large 
area for a long time. They were not, however, homoge- 
neous; European Neanderthals were somewhat more ex- 
treme than those in West Asia (Vandermeersch 1989a). 
In a relatively short time, however, their features dis- 
appear and are replaced in the fossil record by those of 
a.m.h.; in Europe, where data are most abundant, this 
happens between 40 and 30 kya. This period is far too 
short for assuming that this is the result of an evolution- 
ary transformation. Moreover, at that time Europe was 
a mosaic, not only from the paleoanthropological point 
of view, but also from that of the archaeological record, 
which is more abundant. The Mousterian culture, typical 
of late European Neanderthals in this period alternates 
in different places with the Aurignacian, which is asso- 
ciated with modern humans. Even ignoring the genetic 
objections to a rapid direct transformation this picture 
is more in tune with a process of replacement, partial 
or total, than of transformation. In Howell’s summary 
(1984), the situation with respect to replacement is un- 
clear in eastern Europe, but at least in western Europe 
the hypothesis of a replacement of Neanderthals by mod- 
ern humans cannot be ruled out. It would thus seem one 
should choose between the hypotheses of total or partial 
replacement, with the first more likely in western Eu- 
rope and the second in eastern Europe. Partial replace- 
ment should be considered, of course, synonymous with 
admixture. In Klein’s (1989a) view, total replacement 
seems more likely. 

The first a.m.h. found in western Europe, the Cro- 
Magnon people, are typically modern. If they truly are 
the descendants of modern humans coming from West 
Asia, it would be surprising if they were unchanged after 
going through eastern Europe for a few millennia. In 
this area and period they would have been continuously 
exposed to potential admixture with Neanderthal. Cro- 
Magnon seems to emerge essentially unmixed, as far 
as we can Say, and its morphology contrasts sharply with 
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that of Neanderthals from neighboring French regions. 
In order to explain the lack of signs of admixture in 
the most western European a.m.h., and still accept the 
hypothesis that there was admixture in Eastern Europe, 
one would have to provide alternative explanations; for 
example, the Cro-Magnon people might have come via 
Gibraltar to France from North Africa where they might 
have originated from the Mechta-Afalou type, a strongly 
modern human (Clark 1972). This is entirely speculative; 
moreover, the coincidence of near-simultaneous arrivals 
of a.m.h. from different sources to the extreme west and 
the extreme east of Europe seems somewhat farfetched. 

If one accepts the idea that Neanderthals were com- 
pletely or almost completely replaced by a.m.h. coming 
from West Asia, the whole process was fairly rapid, last- 
ing between 5 and 10,000 years, except for the possi- 
ble Neanderthal survival in isolated pockets. It has been 
suggested that both Neanderthal and a.m.h. lived side 
by side, perhaps in somewhat different environmental 
niches, for a few thousand years, and that a.m.h. may 
have finally prevailed only because of faster population 
growth (Zubrow 1989). Evidence suggests that differ- 
ences in the hunting and relocation customs of Nean- 
derthals and a.m.h. may have given some advantage to 
a.m.h. Archaeological evidence of fighting has not been 
found, but it would be difficult to document. 

Therefore, even if intermingling with Neanderthals 
cannot be entirely excluded in Europe, its extent, if any, 
remains unknown but is probably small. Intermingling 
might have been more likely in the Middle East, where 
biological differences with modern humans were perhaps 
less marked, where the cultural differences 100 kya may 
have been less important, as shown by the archaeologi- 
cal record, and where a.m.h. and Neanderthals lived in 
greater proximity. There is no evidence that Neanderthals 
and a.m.h. lived at the same time; in fact, in the Middle 
East, they are widely separated in time. 

Following the hypothesis that a.m.h. replaced Nean- 
derthals in Europe, the time necessary fora.m.h. expansion 
does not seem incompatible with other examples. Perhaps 
one of the most telling examples is the peopling of the 
Americas (see chap. 6) which, according to many, may 
have taken only 1000-3000 years from extreme north to 
extreme south. It is true that the expansion in the Americas 
took place much later than that of modern humans from 
Africa, perhaps 15—12 kya, and happened in a population 
vacuum, but it may have begun earlier. The expansion to 
Australia began at about the same time as that to Europe, 
or perhaps somewhat earlier, and may also have taken a 
similar length of time (see chap. 7) at least for occupation 
of the coastal regions. 

If we look at the two hypotheses shown in figure 2.1.3, 
we conclude with a definite preference for rapid replace- 
ment, but we find it reasonable to leave open the possi- 
bility of complementing it by retrogressive hybridization 
(or gene flow) resulting from mixture with local types, 


which may have differed at various places and times. 
Today modern humans are rather homogeneous in skull 
morphology (Howells 1989), and also (see sec. 2.3) in 
gene frequencies. These qualitative observations indicate 
that the contribution from more ancient, local human 
types was not a major one. It should, however, be suffi- 
cient to explain the examples of regional continuity that 
have been brought forward if they resist further critical 
quantitative analysis. Another limit to the acceptance of 
genetic contributions to modern humans by earlier hu- 
man types through gene flow is set by observations on 
human mtDNA (discussed in sec. 2.4). 

It might be useful to outline here why it is difficult to 
accept genetically the hypothesis that parallel evolution 
for a million years or more generated the present human 
aboriginal populations in four continents. If we first dis- 
regard genetic exchange (gene flow) and its possible in- 
fluence on the process, we must justify the acquisition 
of a very similar external appearance (phenotype) by all 
modern humans, by independent evolutionary processes. 
There is no reason why independent processes should 
lead to essentially similar results. Artificial selection ex- 
periments for quantitative traits in animals show complex 
responses for a trait determined by many genes, even 
for different samples taken from one population (Mather 
1949; Falconer 1960; Mather and Jinks 1977). There is 
evidence of the kind in humans for a common selective 
stimulus, malaria, which has led to different genetic re- 
sponses in various parts of the world. If selective pro- 
cesses for the same or similar phenotypic response — for 
example, increase of brain size associated with improve- 
ment of certain brain functions—had occurred indepen- 
dently in many regions, genetic results would certainly 
have been quite different, even if perhaps similar at the 
phenotypic level. We do not know which genes would 
have been selected in these processes, but their linkage 
with nearby genes would have allowed them to “hitch- 
hike” with these neighboring genes, generating consid- 
erable differences in the genetic backgrounds of various 
human groups. By contrast, data from a high number 
of genes prove that differences in genetic background of 
the most distant human populations are small compared 
with the variation among individuals of the same popu- 
lations (Lewontin 1972; Nei and Roychoudhury 1972). 
Moreover, we shall see that the genetic variation in space 
observed today is comparable to what would be expected 
in the time available since the a.m.h. expansion. If the 
increase, say, in brain size and function were due to in- 
dependent selective processes in the various continents 
over a million years or more, the results of these pro- 
cesses could also be expected to generate considerable 
genetic diversity in the genes that we observe. 

These considerations seem fatal to a narrow poly- 
centric theory a la Coon (1963, 1965), that is, with- 
out any exchange between continents. Wolpoff et al. 
(1984) extended the theory to include gene flow, refer- 
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ring specifically to a simulation by Weiss and Maruyama 
(1976), which showed that a regular exchange network 
(a stepping-stone model; sec. 1.16) covering the whole 
world could be very effective in altering estimates of 
time of fissions based on genetic distances. The applica- 
bility of such simulations to human expansions, which 
they were not designed to cover, is limited by the short 
time available to human evolution, in which it is unlikely 
that an equilibrium would be reached; by the complica- 
tions of a complex system of physical barriers, and above 
all by the cascades of expansions determining new set- 
tlements, colonizations, invasions (see Weiss 1988, and 
sec. 2.7), and other phenomena. Simulations different 
from that of Weiss and Maruyama should be made to 
describe the problems we are considering here. Massive 
movements of populations have occurred in the last 50 
ky, and a model that ignores these dynamic aspects is 
unlikely to be acceptable. 

It might be useful to describe what is needed for a 
simple model to incorporate the hypothesis of polycentric 
origin and that of rapid replacement. This will also help to 
clarify the difference between them. It is essential, for this 
purpose, to supplement both of them with local gene ex- 
change, so that all population units exchange genes with 
neighbors. In the current polycentric model,as defined by 
the Weiss and Maruyama simulation, the migratory ex- 
change with neighbors 1s such that the same proportion of 
population is exchanged from population A to B as from 
B to A, and this is valid for all pairs of units. This is the 
standard assumption in stepping-stone models, and it also 
implies static demographic conditions, that is, stationary 
populations in all units. This is not true of the rapid- 
replacement model, supplemented by gene flow; here the 
western populations (the African ones) must be growing 
faster and perhaps also to a higher population density than 
the rest. This favors outmigration in the west-to-east direc- 
tion. As a consequence, more migrants go in the west-to- 
east direction than vice versa, causing genetic replacement 
in the east. A similar model, specialized for describing 
another situation, was suggested for the agricultural ex- 
pansion from the Middle East to Europe (see sec. 2.7 and 
chap.:>). 


2.1.d. ONSET OF FOOD PRODUCTION 


As we come closer to the present time, the passage 
from Pleistocene to Holocene is accompanied by one 
major change; the beginning of food production (by agri- 
culture and animal breeding). Human population density 
must have slowly increased during the Pleistocene and 
may have been a potent factor favoring cultural innova- 
tion (Boserup 1965; Cohen 1977). Perhaps overkill of 
the fauna in the late Pleistocene, potentially a conse- 
quence of the same overpopulation factor, and climatic 
changes that may have required a difficult adaptation to 
the changing fauna and flora, were important additional 


stimuli to the development of the new technology that 
allowed the transition from foraging to food production. 
These climatic and demographic changes may well have 
occurred almost simultaneously worldwide, and there- 
fore it is not too surprising that farming began inde- 
pendently and almost simultaneously in many parts of 
the world. Naturally, local crops and animals that were 
already used by the local foragers were employed for do- 
mestication and, with it, increased food production. Ma- 
jor areas in which farming originated were in the Middle 
East, Southeast Asia, Central America, and the northern 
portion of South America (see sec. 2.7 and later chap- 
ters). Not surprisingly, these were all temperate or sub- 
tropical zones that, for reasons of climatic eligibility, 
must have been, then as now, more heavily populated. 
The techniques of farming spread rather slowly around 
the areas of origin; usually the farmers themselves grew 
in numbers and started expanding geographically, as we 
discuss later. Agriculture certainly allowed a quantum 
jump in potential population density (the ecologist’s “car- 
rying capacity of the land”) when compared with that 
possible by the previous economy of foraging (hunting- 
gathering), but it was inevitably limited to certain 
environments where food production was technically fea- 
sible. Arctic tundra, deserts, and tropical forests are in- 
evitably closed to, or less suitable for, food production, 
except under special circumstances or for rare domesti- 
cates (e.g., reindeer for the tundra, camel for the desert). 
The increased carrying capacity of the land because of 
agriculture may have been 10- to a 100-fold, even for 
early forming. As the technology allowed increased pop- 
ulation density, it must have stimulated the occupation of 
neighboring areas when the population grew above the 
new, higher limits of land saturation. In some particular 
areas, however, like the Pacific coast of North America 
(see Hassan 1975) and Japan (see Koyama 1978), forag- 
ing populations reached high population densities with- 
out agriculture. In the absence of a stimulus for techno- 
logical change, farming did not develop spontaneously 
and diffused from the outside only much later. 

Technologies of animal and plant breeding underwent 
rapid evolution and generated continuous increases in 
land carrying capacities. The rise in population density 
as a result of agriculture has been a major factor of 
change in human populations. It made possible the origin 
of cities and with them, civilization (from the Latin word 
civitas meaning city). Other technological changes have 
also been of great importance in determining growth and 
migration of people and, therefore, changes in the pat- 
terns of population structure. 


2.1.e. POPULATION NUMBERS 


The population of the Earth is estimated today from 
national censuses taken at regular intervals by every 
country. These censuses suffer from serious errors. Cen- 
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Table 2.1.2. World Population Estimates, in Millions, at Various Dates (Biraben 1980) 


B.C. 
Population 400 1 
China 25 70 
India, Pakistan, 

Bangladesh 30 46 
Southwest Asia 43 49 
Japan 1 2 
Remainder of Asia 

(no USSR) 3 5 
USSR 13 12 
Europe (no USSR) 23 35 
Northern Africa 10 14 
Remainder of Africa 7 12 
North America 1 1 
Central and South 

America 5 8 
Oceania 1 1 

Total 162 255 


500 


32 


206 


A.D. 
1000 1250 1500 1750 1970 
56 112 84 220 774 
40 83 95 165 667 


36 25 27 29 118 
4 9 10 26 104 


19 31 33 61 386 


13 14 17 35 243 
30 57 66 109 462 
9 9 9 10 87 
30 49 78 94 266 
2 3 3 3 228 
14 23 34 15 283 
1 2 3 3 19 


254 417 459 770 = 3637 


suses were rare in earlier times; perhaps the oldest cen- 
suses partially conserved today were taken in China at 
the time of the Han dynasty, almost 2000 years ago. 
Numbers for earlier periods are guesstimates that be- 
come inevitably more and more uncertain, the further 
back we go. There have been several attempts at calcu- 
lating world population sizes for the late Paleolithic and 
they vary considerably. We use provisional estimates of- 
fered by Biraben (1980) who gives 400,000-—800 ,000 for 
the period immediately before the expansion to Europe 
of a.m.h., increasing thereafter 3-5 million, until 8000 
B.c., when the Neolithic revolution began to expand. In 
the next 8000 years the growth rate was high, although 


certainly irregular; in A.D. 1, the population is estimated 
to have been around 250 million. For the last 2400 years, 
data begin to be more respectable so that a breakdown 
by major regions is meaningful. In table 2.1.2 we give 
an abstract of Biraben’s estimates. A variance analysis 
of the full table showed that the local growth rate did 
not vary by regions, but there is very highly significant 
variation by periods. The numbers after a.p. 1500 also 
include immigrants from other continents, mostly Eu- 
rope, but until recently they showed a decline mostly 
because of epidemic diseases imported by Europeans, 
slave raids, wars, and other major causes of population 
decline. 


2.2. EARLIER QUANTITATIVE PHYLOGENETIC STUDIES 


The first attempt at reconstructing human evolution on 
the basis of genetic data from living populations was un- 
dertaken in 1964 by Cavalli-Sforza and Edwards, who 
calculated genetic distances between pairs of selected 
populations for as many genes as knowledge at the time 
permitted and developed methods of reconstruction of 
trees of descent, based on simple genetic theories. The 
methods were briefly described in section 1.11. Fifteen 
populations were chosen, three from each continent; the 
genes were ABO, MN, Rh, Diego, and Duffy, with a total 
of 20 alleles. There is still something to be learned from 
this early attempt and therefore it will be briefly summa- 
rized. The results of two different methods are shown in 
figures 2.2.1 and 2.2.2. In the first figure the phyloge- 
netic tree is given schematically, and in the second it is 
projected on the geographic map. 

The evolutionary model behind the tree used in figure 
2.2.1 assumes population fissions and then indepen- 


dent evolution of the branches. From a genetic point 
of view, independence is the expectation that there is 
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New Guinean 
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Tigre (Ethiopian) 
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Ghanaian 


Fig. 2.2.1 Tree of 15 populations reconstructed on the 
basis of 20 alleles, using the method of additive evolution 
(after Edwards and Cavalli-Sforza 1964). 
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no selective convergence or divergence of the genetic 
markers in some branches, and there are no important 
fusions or exchanges between the branches. These ex- 
pectations are certainly not met completely, but minor 
deviations from these hypotheses would be practically 
inconsequential and hard to detect. Genes for which se- 
lective convergence in some populations could have been 
expected—for example, because they confer malarial 
resistance — were excluded. There are no other indications 
of selective discrepancies of a nature and intensity such 
that they could affect tree reconstruction. Some deviations 
resulting from major exchanges could be real, however 
(see sec. 1.17, 2.4, and various other places in later chap- 
ters). The method of analysis used in figure 2.2.1 (additive 
evolution) is faithful to the evolutionary model indicated 
above, because it assumes that evolutionary change in 
each branch is independent of the others so that the dis- 
tance observed between any two populations 1s expected to 
equal the sum of the length of the tree branches between the 
two populations. Segment lengths were estimated by least 
squares for a specific tree topology. At first a reasonable 
topology was sought by the method of “cluster analysis” 
(Edwards and Cavalli-Sforza 1964) and improved upon 
by trying several similar topologies. Competing topolo- 
gies were compared on the basis of their goodness of fit, 
estimated for each topology by the sum of squared devi- 
ations between expected and observed segment lengths. 
There is no assumption of a constant rate of evolution 
in the branches, and the method does not produce a root 
for the tree. In order to place a root in figure 2.2.1, it 
was assumed that the rate of evolution was constant in the 
path between the two most distant populations (Ghanaians 
in Africa and Australian aborigines), a method also used 
more recently by others (see, e.g., Cann et al. 1987). This 
method, however, does not consider population pairs less 
distant from the origin. In fact, in figure 2.2.2 there is a 
considerable heterogeneity of distances from the origin 
of the various populations, a fact that was perceived at 


Fig. 2.2.2 The same data used in 
figure 2.2.1, with the unrooted 

tree reconstructed with minimum 
path and adjusted for display on 
the geographic world map (after 
Edwards and Cavalli-Sforza 1964, 
modified). The branch to the Maori 
was moved slightly with respect to 
the original. 


the time but was difficult to test statistically. Later expe- 
rience has confirmed that several of these populations — 
for example, Europeans and Indians— always had shorter 
branches. The explanation for this was given only later 
in terms of admixtures (see secs. 1.17 and 2.4). 

The method used in figure 2.2.2 offered a solution 
by a different approach: representing all populations in 
an n-dimensional space, where n is the number of gene 
frequencies, and calculating the length of a “string” con- 
necting all populations and their ancestors in this space. 
The best tree is fitted by varying the topology and by 
calculating for each the ancestral positions that minimize 
the total string length; the topology showing minimum 
string (or minimum path) is chosen. Again, no root is 
produced by this method. To place the minimum-path 
tree on the world geographic map in figure 2.2.2, it 
was necessary to use an unusual world map having the 
Pacific Ocean in the middle, because the more common 
world map centered around the Atlantic Ocean does 
not allow one to represent the unbroken tree satisfac- 
torily; we know, in fact, that the passage to America 
took place from Northeast Asia in the northern part of 
the Pacific. Can the minimum string path reproduce to 
some extent the actual paths of expansion of a.m.h.? The 
minimum-path tree corresponds to the shortest system of 
routes connecting the populations examined in the gene- 
frequency space, but not in the geographic space. Given 
the geographic positions of populations and connecting 
them with segments reproducing the tree, the lengths of 
the tree segments calculated in the gene-frequency space 
must inevitably be distorted in order to accommodate the 
tree on the geographic map, as was done in figure 2.2.2. 
Could the lengths of the geographic segments be used 
to calculate local rates of geographic expansion? Even if 
we knew all the necessary dates, the answer is negative, 
for various reasons. First of all, there is not enough 
information to place on the geographic map most points 
corresponding to ancestral tree nodes. For instance, the 
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geographic position of the fission corresponding to 
Maoris was placed incorrectly in Alaska in the original 
paper. It could have been located in many other positions 
and still be formally compatible with the tree. We now 
know it should probably have been placed in some part 
of Southeast Asia and should have followed a devious 
route via Tonga and the Marquesas, as is true of most 
other Polynesian colonists (see chap. 7). Many popula- 
tions may have moved considerably between the time of 
fission and the present, as Polynesians did, and the ge- 
netic tree usually does not provide enough information 
to reconstruct the entire path of the migrations. 

The topologies obtained by the two methods are very 
similar, but not identical. As noted in chapter 1, differ- 
ent methods can, and often do, lead to different recon- 
structions. This should not be surprising, given the enor- 
mous number of possible tree topologies; there is, in fact, 
extremely little difference in the goodness of fit of 
the best topologies that can be calculated, and usually the 
best topology is found to give a better fit than the next- 
best ones by exceedingly trivial amounts. Very small 
changes in the original data, distances, or methods of 
tree reconstruction are bound to cause some variation of 
tree topology. Because of differences in results, however, 
one may find it difficult to choose the most satisfactory 
method for tree reconstruction. In our view, it is best to 
choose a method based on a specific evolutionary model 
that seems reasonable and can give rise to clear-cut ex- 
pectations, so that the goodness of fit of the evolutionary 
model behind the tree can be tested and contrasted with 
other specific evolutionary models if necessary. This is 
the usual procedure in all scientific investigations. In 
the case of gene frequencies, the minimum-path method 
is not the most satisfactory because it does not corre- 
spond to a specific evolutionary model. It does, however, 
tend to give similar results to those obtained with other 
methods. 

More genes, in particular, a few proteins that were 
studied in a sufficient number of populations (Kidd 


1973) and HLA data (Piazza et al. 1975) confirmed 
the results obtained in the first investigation, includ- 
ing the position of the root we originally found. Ex- 
tension of the work to a much larger number of genes, 
which were later discovered, has not confirmed the orig- 
inal location of the root. Nei (1978) extended consid- 
erably the number of markers employed in the anal- 
ysis by studying the new enzyme polymorphisms that 
became available in large numbers in the late 1960s. 
These were originally investigated in only a few pop- 
ulations. Limiting the research to three more inten- 
sively studied ethnic groups—Europeans, Africans, and 
East Asians—he showed that Europeans were indeed 
closer to Africans than to East Asians for the blood 
groups then known (in agreement with our root), but 
were definitely closer to Japanese than to Africans for 
proteins and enzymes. The latter type of genes car- 
ried greater statistical weight so that in the overall 
analysis, the root was located between Africans on 
one side and Europeans and Orientals on the other. 
The location of the root between Africans and non- 
Africans was later confirmed on a larger sample of 
populations (Nei and Roychoudhury 1982). The most 
complete analysis on the three most highly investi- 
gated populations representative of the three major 
ethnic groups (mainly British for Europeans, mainly 
Japanese for East Asians, and mainly from Nigeria 
and Cameroon for Africans) was published recently 
(Nei and Livshits 1989) on a large number of poly- 
morphic loci (see table 2.2.1). These authors con- 
cluded that they have for the first time shown that 
Europeans and Asians are significantly closer to each 
other than to Africans. There are some discrepan- 
cies between their results and ours, especially for 
HLA, but the overall conclusions are in agreement 
with our most recent ones, to be discussed in the 
next section. We must therefore consider the possible 
causes of the discrepancy between our early and our 
later results. 


Table 2.2.1. Average Genetic Distances (Nei’s) and Their Standard Errors among Three Major Ethnic Groups 


Based on 186 Polymorphic Loci (Nei and Livshits 1989) 


Genetic Loci No. of Loci Europeans/Asians Europeans/Africans Asians/Africans 
Standard genetic distance 
Proteins 84 0.028 + 0.009 0.035 + 0.009 0.048 + 0.012 
Blood groups 33 0.019 + 0.010 0.059 + 0.032 0.082 + 0.041 
HLA and immunoglobulins 8 0.329 +0.122 0.701 + 0.341 0.386 + 0.169 
DNA markers 61 0.060 +0.012 0.081 + 0.017 0.109 + 0.025 

Total 186 0.040 + 0.007 0.063 + 0.011 0.078 + 0.013 
Nucleotide (restriction-site) 

differences per site (enzyme) 

MtDNA‘’ 0.02 0.05 0.04 
MtDNat 0.032 + 0.048 0.045 + 0.069 0.036 + 0.069 


“From Cann et al. 1987. 
t From Brown 1980. 
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1. Do blood groups involve a bias? According to the 
first investigation by Nei (1978), it seemed as if the dis- 
crepancy between the positions of the root was a result of 
a disagreement between blood groups and proteins plus 
enzymes. Our early conclusions were based entirely on 
blood groups and have been confirmed recently by a care- 
ful and more complete study of Langaney’s group (Ex- 
coffier et al. 1987; Sanchez-Mazas Cutanda 1990) with 
the most important blood groups we employed and with 
other immunological markers. But in very recent work, 
with a greater number of genes and populations, the dif- 
ference between blood groups, proteins, and enzymes 
seems to have disappeared (Nei and Livshits 1989, and 
our own results, discussed in the next section). There 1s 
some indication that HLA may also favor the African- 
European connection (see sec. 2.10). The question of 
bias cannot be entirely excluded, at least for the blood 
groups we used at the beginning. 

2. Was the initial sample of 20 (15 independent) al- 
leles from 5 loci adequate? Most probably not. Had 
methods for estimating standard errors of segment 
lengths of trees been available at the beginning of this 
analysis, one would have most probably found no signif- 
icant difference between the location of the root between 
Africans and non-Africans, and that between Africa + 
Europe and the rest. Our present analysis of all classical 
markers available on a larger number of populations is 
based on almost eight times more markers and confirms 
the position of the root between sub-Saharan Africa and 
the rest of the world. The same is true of our more recent 
work on 100 DNA polymorphisms (see sec. 2.4) based 
on a smaller number of populations. 

3. Was there a special reason connected with the po- 
sition of Europeans for missing the African/non-African 
split in 1963 and 1975? The answer is affirmative. We 
see in section 2.4 that Europeans (and other Caucasoids) 
have an intermediate position between Africans and the 
rest of the world: Asians + Americans and Oceanians. 
The shortness of the branches leading to Europeans and 
other Caucasoids in figure 2.2.1 is part of the same 
phenomenon, which was already discussed in section 
1.17. Under these conditions, it 1s very likely that the 
root is more difficult to place. 

4. How did this approach compare with knowledge 
from other sources, in particular, archaeology and phys- 
ical anthropology? In spite of the small number of 
genes then available, the trees of figure 2.2.1 and figure 
2.2.2 seemed quite satisfactory at the time they were 
obtained, at least by the criteria that they collected popu- 
lations from the same continents together in clusters and 
grouped continents in agreement with their geographic 
proximity. There was no real external evidence —for ex- 
ample, from archaeology — with which to test this result. 
The only substantive difference between the two trees in 
figures 2.2.1 and 2.2.2 and the trees generated later is the 
placement of the root. It was possible, however, to exam- 
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Fig. 2.2.3 Tree based on general anthropometrics (after 
Cavalli-Sforza and Edwards 1964). 


ine independent evidence from anthropometric measure- 
ments. Data were available in the literature but had not 
been previously used to reconstruct a phylogenetic tree. 
Accordingly, at the time the first genetic trees were pro- 
duced, we also constructed a tree from anthropometric 
characters, including measurements of the whole body 
and skin color (Cavalli-Sforza and Edwards 1964). This 
tree (fig. 2.2.3) showed marked differences from that ob- 
tained with genes; for instance, Australian aborigines and 
Africans were closely associated, whereas with genes 
these populations are the farthest apart. It seemed clear to 
us that the sensitivity of many anthropometric characters 
to climate was likely to bias the reconstruction of phylo- 
genetic history. It has been well known since Darwin that 
adaptive traits are frequently not satisfactory for recon- 
structing phylogeny, because they express similarities of 
environments more easily than those of phylogenetic his- 
tory. We concluded that the lack of agreement between 
the two types of trees was no cause of alarm, and that 
genes were more likely to reflect phylogenetic history. In 
fact, Africans, Australian aborigines, and New Guineans 
have been exposed to tropical climates for a very long 
time and are presumably highly adapted to them. The 
characters available for this first anthropometric investi- 
gation were essentially connected with body surface, in 
particular skin color and size measurements, which are 
known to be correlated with climate. Bergmann’s rule 
(the correlation with external temperature of the ratio of 
body surface to weight) and Allen’s rule (a similar cor- 
relation for the ratio of length of appendages to that of 
the trunk) are known to hold for animals and have been 
verified for humans (D.E Roberts 1973). The correlation 
of skin color and climate is discussed further in section 
2.13, where a world map of skin color is also given (fig. 
2.13.4). 

The anthropometric characters available for the 1963 
attempt were, however, far from ideal; mean values had 
been taken from the data reported in Martin’s classical 
handbook of anthropology (Martin 1957) and came from 
a number of investigations using insufficiently standard- 
ized techniques. Without collecting new data, there was 
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no hope of obtaining enough individual data to calculate 
the matrix of correlations between characters within pop- 
ulations, which is indispensable for using more refined 
Statistical treatments like Mahalanobis’s (1936) general- 
ized distances. Theoretical considerations make it clear 
that correlations within populations need to be consid- 
ered for anthropometric traits but not for genes unless 
they are very closely linked and could be neglected. 
The careful craniometric analysis by Howells (1973) 
overcame the limitations of our 1963 study of anthro- 
pometrics. The author used a standard technique to 
measure a large number of traits on a large number 
of skulls from 17 world populations and carried out 
a discriminant analysis among them, thus eliminating 
the effect of intrapopulation correlations between the 
traits. Measurements in his study were made by a single 
observer, thus eliminating systematic errors that can be 
especially serious with craniometric traits. The tree that 
resulted (figure 2.2.4) was again in contrast with the 
genetic tree and rather similar to the anthropometric 
tree first described by us. But it was possible to prove 
(Guglielmino-Matessi et al. 1979) that part of the dis- 
crepancies between the tree based on the metric analysis 
of skulls and the genetic tree could be explained by a 
strong influence of climate. The first discriminant func- 
tion of Howells, which was strongly associated with 
the root of the tree, was found to be very highly cor- 
related (about 80%) with climatic variables, especially 
temperature, as well as with skin color, which is also 
highly correlated with climate. Howells’ first discrim- 
inant was, in fact, determined to some extent by size 
measurements, which are inevitably correlated with gen- 
eral size, and these are known to be highly correlated 
with climate. By contrast, Howells’ second discriminant 
was in reasonable agreement with the first dichotomy of 
the genetic tree. This is, we think, an important lesson 
on the problems encountered in the use of anthropo- 
metric measurements for evolutionary considerations. 
There may be ways of eliminating climate effects on an- 
thropometric measurements and some preliminary work 
done by Guglielmino-Matessi et al. (1979) allowed a 
partial correction. Tests of the effects of climate on genes 


Fig. 2.2.4 Tree based on skull metrics (after 
Howells 1973). 


(Piazza et al. 1981b) showed that although some genes 
were correlated with climate, on the average, the corre- 
lation with climate was much more pronounced for skull 
measurements and other anthropometrics (see sec. 2.13). 
Using a different approach to further analyze the same 
material, Howells (1989) attempted to separate size from 
shape differences and construct trees based on shape dif- 
ferences, recognizing, however, that methods for sepa- 
ration of size and shape are not perfect. Trees for skull 
shape were very similar, but not identical to the earlier 
ones based on distances for the whole set of measure- 
ments. Africans and Oceanians (Australians and New 
Guineans) showed even greater similarity than in the 
former study and tended to form close clusters. It seems 
logical to conclude that shape, and not only size, are 
strongly influenced by natural selection by climate. Es- 
pecially face shape is sensitive to climatic factors. 
Using the same technique to compare all the hu- 
man populations examined with some of the avail- 
able fossil skulls yielded additional important results. 
Howells’(1989) findings on this point are summarized 
together with those of similar studies also using mul- 
tiple craniometric measurements and multivariate anal- 
ysis. They include especially contributions by Stringer 
(1978), Vark (1985), and several others also cited by 
Howells (1989), whose review we follow here and which 
should be consulted for further details and references. 
Multivariate craniometric analysis showed two Nean- 
derthal skulls to be completely distinct from any modern 
human skulls and to show no special resemblance to 
modern European skulls. Moreover, a.m.h. skulls—for 
example, Border Cave, Skhul, Kafzeh, and older African 
skulls—show no tendency to be associated with any par- 
ticular modern group. A Zhoukoudian Upper Cave skull 
(near Beijing), dated from about 18 kya and decid- 
edly modern (see chap. 4), was originally described 
by Weidenreich (1945) as Mongoloid, but shows no 
similarity to modern Mongoloids; by contrast, Chinese 
neolithics (7000 years old) can be recognized as similar 
to modern Chinese. A skull from the Cape, 12-13 ky 
old, shows a resemblance to modern Khoisan Bush- 
men. This seems to be the oldest South African human 
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recognizably associated with Khoisan. Using present 
techniques, it seems difficult to ascertain reliable re- 
semblances between skulls older than 10-12 ky and 
modern regional specimens from the same or a related 
area. 

Multivariate craniometry has the great advantage of 
being more objective and comprehensive than inspec- 
tion, qualitative description, or the small set of mea- 
surements which, until a short while ago, were the only 
procedures employed in physical anthropology. It is lim- 
ited, however, by the need of specimens that are rea- 
sonably complete. Unfortunately fossil skulls that meet 
this requirement are rare. The method does not ordinar- 
ily include rare qualitative traits (e.g., the Inca bone) 
considered important in the problem of polycentric ori- 
gins. The use of a great number of measurements may 
lose or dilute characters of shape that are more easily 
appreciated by direct inspection; in other words, there 
may also be a price to pay for objective measurement. 
Multivariate craniometry does not, therefore, completely 
replace the more conventional cranioscopic analysis on 
which older studies were based. 


Another method of analysis that, like craniometry, has 
the advantage of being applicable to fossil material is 
the study of teeth, as practiced by Turner (1987, 1989). 
This interesting method has not yet been extended to the 
whole world, although it has already covered very wide 
areas. Results are described in chapters 4 and 6. | 

In the next section of this chapter, we discuss results 
obtained on the large collection of “classical markers” 
assembled for this book, that is, those that have become 
available from protein and immunological studies. We 
consider in section 2.4 the analysis of DNA markers, 
which adds independent information. Our results are also 
compared with archaeological data in order to study the 
constancy of evolutionary rates by calibrating genetic 
distances versus archaeological dates (sec. 2.5). Com- 
parisons are made with the linguistic classification, 
which complements the information obtained with the 
genetic tree (sec. 2.6). One cannot emphasize enough 
the need for reaching agreement among independent ap- 
proaches to human evolution. The problem is sufficiently 
complex that it is unlikely to be entirely solved with a 
single source of information. 


2.3. ANALYSIS OF CLASSICAL MARKERS IN FORTY-TWO SELECTED POPULATIONS 


2.3.a. TECHNICAL ASPECTS 


Clearly the number of genes studied is of paramount 
importance in determining the confidence one can place 
in the results. At the same time, it is important to use 
a balanced sample of populations that are as close as 
possible to what may have been the (usually unknown) 
aboriginal set of populations. 

The main practical problem is to sacrifice as little of 
the available information as possible in selecting popula- 
tions and genes for our data base. Ideally, the genes-by- 
populations matrix should be without missing data. But 
the original matrix of data is very far from complete, and 
selections are therefore necessary. If one tries to keep the 
number of genes as high as possible, the number of pop- 
ulations is reduced excessively, and vice versa. Various 
strategies can be employed to obtain a representative set 
of populations without eliminating too much genetic in- 
formation, but important help, in our experience, comes 
from some possibilities of coping with gaps. 

Our populations were defined by the name given to 
them by the scientists who published the data. In order 
to take synonymies into account, we used two very 
useful sources, Classification and Index of the World's 
Languages (Voegelin and Voegelin 1977) and the Eth- 
nologue (Grimes 1984). We also benefited from advice 
by M. Ruhlen. We pooled information from different 
authors referring to the same population. About 1950 


populations differing by name were retrieved from the 
literature and used for geographic maps of single alleles. 
A first selection for multivariate analysis brought their 
number down to 491, by eliminating those too poorly 
known genetically and pooling populations that were 
geographically, ethnically, and linguistically reasonably 
homogeneous. The list of populations in Appendix 3 
shows poolings, but not eliminations. The internal ge- 
netic variation was estimated at every step by calculating 
Fsy values. The different populations inevitably have 
variable genetic homogeneity, and the specifications 
available in the original papers do not always allow a 
precise ethnic and geographic characterization. Some of 
the populations that were less specifically characterized 
were labeled “unspecified,” kept separate and employed 
only for higher-level pools. The 491 populations were 
the basis for the analysis of the detailed trees and PC 
maps discussed in chapters 3-7. Their gene frequencies 
are given in Appendix 2, and their ethnic composition 
and bibliographical references in Appendix 3, which is 
followed by bibliographic references. For the analysis 
at the world level in this chapter, it was necessary to 
reduce the number of populations by about an order of 
magnitude, and a second cycle of pooling and culling 
permitted a further increase in the total number of genes 
per population. The final sample used for multivariate 
analysis at the world level, to be discussed in this sec- 
tion, included 42 aboriginal populations and 120 alleles. 
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The list of populations and their gene frequencies are 
given in Appendix 1. 

The process of pooling populations that are close to 
each other on the basis of geographic-ethnic-linguistic 
criteria has certainly generated some internal genetic het- 
erogeneity, which is, however, minimal compared with 
that among the 42 populations. But, in addition to in- 
creasing the number of genes per population—an es- 
sential requirement for our purposes—it has also helped 
eliminate a certain amount of variation caused by drift, 
which is inevitable in small isolates that would other- 
wise be responsible for unwanted noise. Of the 42 pop- 
ulations, 7 were from Africa, 7 from Europe, 4 from 
Asian Caucasoids, 14 from other Asians, 5 from the 
Pacific Ocean, and 5 from America (see Appendix 1). 
In the section on linguistic comparisons 2.6, we have 
provided additional information on the 42 groups. The 
later chapters illustrate further the criteria of selection 
and grouping by discussing more specific analyses for 
each continent. 

Among the groups selected for the purpose of reduc- 
ing excessive drift and increasing the number of markers 
per group, a few relatively small isolated populations, 
which may have drifted more than average, were re- 
tained because of their intrinsic interest. Five such cases 
are discussed in more depth in the appropriate chapters: 
Mbuti Pygmies, !Kung San, Lapps, Samoyeds, and Sar- 
dinians. The first three today consist of 30,000—50,000 
individuals each. The two important ethnic groups of 
African Pygmies and Khoisan were selected because they 
are least acculturated and have probably undergone the 
least admixture with neighbors. Mbuti Pygmies are from 
the Ituri forest in Zaire and the !Kung from Botswana- 
Namibia. They are most distinctive when compared with 
other Pygmies or Khoisan. Lapps are becoming largely 
acculturated but have not entirely lost their identity. 
Some Samoyed groups are much smaller than others 
but have been averaged with other more numerous ones. 
Sardinians number today about 1.5 million; they differ 
from neighbors probably because of drift to which they 
were exposed in the initial phases of settlement of this 
island. 

Missing data (“gaps”) account for 24% of the gene 
frequencies used for the 42 populations given in Ap- 
pendix |. The analysis was performed by first calcu- 
lating a table of distances between pairs of popula- 
tions, omitting genes not present in both populations, 
and averaging genetic distance (weighted by allele) for 
alleles present in both populations. F's; genetic distances 
(see sec. 1.11) were used throughout unless otherwise 
stated. 

The decision to use an incomplete data matrix needs 
detailed justification since it is unusual and may give rise 
to doubt. We believe the following reasons completely 
justify our decision. 


1. The usual alternative of eliminating genes or pop- 
ulations so as to avoid all gaps would have caused an 
unacceptable reduction of the data base, making conclu- 
sions close to meaningless. 

2. A method sometimes used, the filling of gaps by 
the interpolation from gene frequencies of geographic 
neighbors, may go too far in violating the rule of in- 
dependent evolution. With populations as genetically 
remote from each other as our 42, geographic “neigh- 
bors,” whose average would have to be used for re- 
placing missing values, are fairly distant from one 
another. 

3. A method sometimes employed, replacing missing 
data with mean values, would have introduced an un- 
acceptable bias. All populations with large numbers of 
missing genes would have been shifted artificially toward 
the general mean. 

4. A simulation with extensive resampling experi- 
ments by the bootstrap was made on a complete subset 
of 20 world populations (mostly representing Europe) 
for 89 genes. This complete data matrix was impover- 
ished by the random deletion of various percentages of 
the data. The effect of gaps was studied on PC maps 
rather than on trees (J. Mountain et al., unpubl.). It 
is easier to compare PC maps to one another than to 
compare trees. Twenty-five percent gaps had practically 
no effect on the PC map; 50% gaps, however, altered 
somewhat the picture and introduced some discrepan- 
cies. The random elimination of genes for the simulation 
was made with uniform probability for each gene and 
with widely different probabilities for different genes. 
There were no important discrepancies between the two 
approaches. 

In the case of the 42 populations, we are thus within 
the percentage of gaps considered safe. Probably the 
mean and variation of the number of genes represented 
in all population pairs are more important in determin- 
ing the acceptability of a data matrix, and in critical 
cases we have made use of this further information. In 
general, some genes are tested much more frequently 
than others, and consequently the number of genes 
available for both populations when calculating a dis- 
tance is definitely higher than if the gaps were com- 
pletely random. In any case, whenever we excluded 
populations from calculations, we always proceeded by 
eliminating those tested with the lowest numbers of 
genes. 

5. The analysis of Fsr for the various genes (alleles) 
shows that their general distribution is almost uniform, 
both at the world level and in the various continents 
(see sec. 2.10). The Fsp measuring the world genetic 
variation had a distribution among genes very similar 
for the sample of genes considered here and for another 
entirely independent sample of 100 DNA polymorphisms 
reported in section 2.4. 


Table 2.3.1A. Fs; Genetic Distances between the 42 Populations, (x 10,000) (lower triangle) and Their Standard Errors Calculated from the Bootstrap Analysis (upper triangle) 
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Table 2.3.1B. Modified Nei’s Genetic Distances between the 42 Populations (x 10,000) (lower triangle), and Their Standard Errors Calculated from the Bootstrap Analysis (upper triangle) 
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6. Extensive bootstrapping of our trees was carried 
out whenever it was especially important to test the va- 
lidity of the clusters obtained or that of the statistical 
significance of the lengths of segments. Bootstrapping 
is a technique designed to evaluate statistical variation 
caused by random sampling when a whole experiment 
cannot be replicated. It randomly suppresses some genes 
and replicates others so as to keep the total number of 
genes constant in every bootstrap repeat. It thus tests 
the effect of missing data along with other effects of 
sampling. 

One might summarize the rationale of our procedure 
for dealing with missing data by keeping in mind that 
when we measure the distance between two popula- 
tions, we always use a sample of genes. In our approach 
we employ a somewhat different sample of genes for 
every population pair. This procedure is legitimate if 
the sample of genes is unbiased and numerically ade- 
quate. The difference in variation of individual genes 
is sufficient so that not using the same genes for all 
pairs of populations will inevitably result in loss of in- 
formation, but the loss would be worse if one sup- 
pressed genes or populations in order to calculate dis- 
tances on a complete matrix. Random resampling of 
genes by the bootstrap technique generates error esti- 
mates that also include errors resulting from incomplete- 
ness of the matrix. We believe this procedure should 
not be applied, however, unless the sample of genes is 
large. 

Two types of genetic distances were calculated (table 
2.3.1), Nei’s distances modified as described in 1.11 to 
allow for missing allele frequencies and bootstrapping 
(“modified Nei’) and Fsrz or coefficient of coancestry 
(both unbiased; see sec. 1.11). The distances were highly 
correlated, but the relationship deviated from linearity, 
especially at the higher values, as shown in figures 2.3.1. 
From simulations (Reynolds et al. 1983), Fs7 seems bet- 
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Fig. 2.3.1 Relationship between 
modified Nei’s and Fs; distances 
modified (calculated according to Reynolds 
0.06 Nei et al. 1983). 


ter than Nei’s distance for shorter evolutionary times, 
especially when the contribution from new mutations is 
not important (see sec. 1.11). The total evolutionary time 
in this case is short, and only a few new mutations have 
occurred in its course. Its duration is small compared 
with the more usual applications of Nei’s distance (see 
Nei 1987). 

Standard errors of the two distances are given in ta- 
ble 2.3.1. They were calculated by bootstrap. With the 
number of genes available here, the standard error of the 
Fsy distance is, on the average, 26.7% of the distance. 


2.3.b. THE TREE FOR FORTY-TWO 
POPULATIONS 


We present here (figures 2.3.2A, B) the world phy- 
logenetic trees based on modified Nei and on Fsrz dis- 
tances; the tree using modified Nei’s distances has al- 
ready been published (Cavalli-Sforza et al. 1988). As 
happens whenever different distances or different meth- 
ods of tree reconstruction are compared, there are some 
discrepancies in the results, which are discussed be- 
low. Both trees were calculated by average linkage; 
no other method corresponding to a specific evolution- 
ary model for gene-frequency data would give the best 
tree for 42 populations within an acceptable computer 
time. In addition, this is the nearest substitute for max- 
imum likelihood and therefore corresponds to an evalu- 
ation of the data by the model of constant evolutionary 
rates. 

The first fission in figures 2.3.2A and B clearly sep- 
arates Africans from non-Africans, with the exception 
of the Berbers in North Africa, who join the Cauca- 
soid cluster. The separation of the Berbers from other 
Africans is certainly no cause for surprise, as North 
Africans have long been considered Caucasoid. 

The two trees differ in only one important respect, the 
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Fig. 2.3.2.A Average linkage tree for 42 populations, 
with 5 populations grouped as Europeans as in Cavalli- 
Sforza et al. (1988). The abscissa shows the genetic 
distances (modifed Nei) calculated on the basis of 120 
allele frequencies from the following systems: AJA2BO, 
MNS, RH, P1, LU, KEL, FY, JK, DI, HP, TF, GC, 

LE, LPA, PEPA, PEPB, PEPC, AG, HLAA (12 alleles), 
HLAB (17 alleles), PI, CP, ACPI, PGD, PGM1, MDH1, 
ADA, PTC, CHEI, SODI1, GPT, PGK1, C3, SE, ESD, 
GLO1, KM, BF, LDH, CHE2, IGHGIG3, and PGM2. 


Fig. 2.3.2.B Average linkage tree for 42 popula- 
tions. The abscissa shows the genetic distances (Fsr) 
calculated on the basis of 120 allele frequencies 
from the systems listed for Fig. 2.3.2.A. The five 
European populations form a single cluster and are 
pooled in Fig. 2.3.2.A. They are not clustered here 
and are kept separate. 
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order of the fissions of New Guineans and Australian 
and Pacific islanders as summarized in the following fig- 
ure: 


Tree obtained with Nei distances: 


African 


Caucasoid 
Northeast Asia 
-Afri Arctic Asia 
America 
Southeast Asia 
New Guinea & Australia 


Tree obtained with Fst distances: 
African 


Caucasoid 
Northeast Asia 
- Afri Arctic Asia 
America 
Southeast Asia 
New Guinea & Australia 


In other words, the cluster Southeast Asia + small 
Pacific islands has shifted in figure 2.3.2B to the im- 
mediately lower fission. This possibility was already 
noted when modified Nei’s tree was tested by bootstrap 
(Cavalli-Sforza et al. 1988): “of special interest is the 
second bifurcation shown in figure 1, separating North 
Eurasians from Southeast Asians. This split occurs most 
often among bootstraps, but two alternative partitions 
are also fairly frequent: one separates Caucasoid from all 
Asian, Oceanian, and American populations, and the sec- 
ond separates New Guinea and Australia from all other 
non-African populations.” This last partition is the one 
favored by the Fsr tree. 

Summarizing bootstrap results concerning the major 
fissions in the Fsz tree, we find the first fission in- 
cludes at least the four core African groups (Bantus, 
Nilo-Saharans, West Africans, and Mbuti Pygmy) in 83 
of 100 bootstraps, very close to results with the mod- 
ified Nei tree (84 of 100). Of these 83, 56 include all 
6 African groups, 2 include all 4 core populations + 
San, 5 all 4 core + Ethiopians, and 15, only the core. 
There are also 5 trees in which one or two other pop- 
ulations are included with the Africans: Berbers twice, 
Malaysians once, Melanesians once, and Melanesians 
+ Indonesians once. Thus, the African/non-African first 
fission 1s strongly confirmed. 

In addition to the discrepancy between trees obtained 
with modified Nei and Fsz trees regarding the second 
fission (and the above-mentioned variation in bootstrap 
results of the modified Nei tree in the second fission), 
other evidence indicates that this second fission is weaker 
than the others. Bootstrapping the Fs; tree, one finds 


the separation of the cluster New Guinea + Australia 
from all other non-Africans 35 times out of 100. In 6 of 
these, some populations associate with Australians and 
New Guineans: Melanesians alone twice, Micronesians 
+ Melanesians three times, and Micronesians + Melane- 
sians + Polynesians once. In 10 trees, New Guineans + 
Australians separate at the second fission from all other 
non-Africans, jointly with all of Southeast Asians in- 
cluding inhabitants of the small Pacific islands, as in the 
modified Nei tree. In 7 trees, New Guineans + Aus- 
tralians separate together from all other populations at 
the first fission. The residual 48 trees present a vari- 
ety of different situations in which Australians and New 
Guineans often do not form a pair, or they associate 
with both Northeast Asians and Southeast Asians, or 
they form other combinations difficult to classify sim- 
ply. The other clusters are strongly confirmed as being 
rather compact, as in the modified Nei tree, and there is 
no point in repeating details like those already mentioned 
for some of these clusters (Cavalli-Sforza et al. 1988). 


2.3.c. ANALYSIS OF NINE CLUSTERS 


In order to analyze further these results on a more 
compact set of data, we grouped the 42 populations in 
the following nine clusters: 


Africans (sub-Saharan) 

Caucasoids (European) 

Caucasoids (extra-European) 

Northern Mongoloids (excluding Arctic populations) 
Northeast Asian Arctic populations 

Southern Mongoloids (mainland and insular Southeast Asia) 
New Guineans plus Australians 

Inhabitants of minor Pacific islands 

Americans 


All these clusters are reasonably compact as shown 
by the bootstrap analysis briefly summarized before and 
commented on further in the original paper (Cavalli- 
Sforza et al. 1988). 

The tree formed by these clusters by Fsr distance is 
shown in figure 2.3.3 and the distance matrix in table 
2.3.2. The genetic difference between two clusters is 
aptly indicated by the average genetic distance between 
the two clusters. This can be calculated by reading the 
position of the node that separates two clusters on the 
abscissa given in figure 2.3.2B. It can also be calcu- 
lated by averaging the distances of all possible popula- 
tion pairs formed by a population of the first cluster with a 
population of the second cluster. The nine clusters cho- 
sen differ in their genetic homogeneity, but we are in- 
terested in establishing history and not in generating a 
classification scheme. A criticism raised by Bateman et 
al. (1990a) on this point misses the difference between 
taxonomy and phylogenetic analysis. Even if we were 
interested in taxonomy, calibrating the homogeneity of 
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clusters on the basis of genetic distance in a tree would 
still generate an arbitrary classification that would in- 
evitably depend on the sample of populations chosen. 
Lest there be no misunderstanding, we (Cavalli-Sforza 
et al. 1988; Cavalli-Sforza and Piazza 1990), unlike oth- 
ers (Bateman et al. 1990a, b) do not give to the clus- 
tering obtained in the tree of figures 2.3.2 or 2.3.3 any 
“racial” meaning, for reasons discussed in the first chap- 
ter. Clusters were formed for reducing the complexity 
of the data and were given specific names in order to 
simplify discussion. 

The first fission is now found in 98% of 100 boot- 
straps, showing that even if the original African cluster 
has three outliers (San, Mbuti, Ethiopians) it is, on the 
average, quite distinct from non-Africans. The second 
fission is very weak and, somewhat surprisingly, corre- 
sponds to the modified Nei tree rather than to the Fr 
tree. A more detailed analysis of the second fission helps 
to explain this reversal of the earlier conclusion. Among 
the 98 bootstrap trees in which the first fission separates 
Africans from the non-African clusters, one observes a 
variety of fissions, which can be classified as follows: 


1. In 25 trees, New Guineans + Australians + inhabitants 
of small Pacific islands + Southeast Asians versus all 
other non-Africans; 


clusters listed in the text. Fs; distances are used. 


2. In 24 trees, inhabitants of small Pacific islands + South- 
east Asians versus all other non-Africans; 

3. In 15 trees, New Guineans + Australians versus all other 
non-Africans; 

4. In 8 trees, Europeans + extra-European Caucasoids ver- 
sus all other non-Africans; 

5. In 8 trees, Americans versus all other non-Africans. 


The above 5 partitions account for a total of 80 trees; 
the residual 18 are difficult to describe synthetically, gen- 
erally because subclusters disintegrate. For instance, in 
some of them, New Guineans and Australians part from 
each other, one of the two being separated from all others 
in the second fission. 

A relative majority of trees is thus in agreement with 
that of figure 2.3.3, but Southeast Asians (with inhab- 
itants of Pacific islands) show the greatest instability, 
clustering an almost equal number of times with New 
Guineans + Australians, or with other non-Africans, or 
staying separate from all other non-Africans. The first 
three partitions (represented in 25, 24 and 15 trees, re- 
spectively) do not differ significantly in frequency from 
each other (y* = 2.8, df = 2,P > 0.20); the first five 
are significant (y* = 19.2,df = 4, P < 0.05). A con- 
servative conclusion would be to reduce the second fis- 
sion to a trichotomy, separating the three subclusters New 


Table 2.3.2. Fo Distance Matrix of the Nine Clusters Shown in Figure 2.3.3 (x10,000 with standard errors obtained by bootstrap analysis) 


AFR NEC EUC 

Africans 0.0 
Non-European 

Caucasoids 1340.0 + 301 0.0 
European 

Caucasoids 1655.6+ 416 154.7+ 29 0.0 
Northeast Asians 1979.1+ 452 640.4+134 938.2+ 217 
Arctic Northeast 

Asians 2008.5+ 387 708.2+160 746.7+210 
Amerindians 2261.4+ 4384 955.5+204 1038.2+276 
Southeast Asians 2206.3+529 939.6+262 1240.4+339 
Pacific Islanders 2505.4+ 648 953.7+230 1344.7+354 
New Guineans 

and Australians 2472.0+ 536 1179.1+189 1345.7+231 


NEA ANE AME SEA PAI 
0.0 
459.7+ 98 0.0 
746.5+183  577.4+ 89 0.0 
630.5+ 299 1039.4+326 1341.7+418 0.0 
723.8+ 262 1181.2+331 1740.7+544 436.7+ 87 0.0 
734.44118 1012.5+257 1457.9+283 1237.9+277 808.7+264 
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Guineans + Australians, Southeast Asians + small Pa- 
cific islands, and all other non-Africans, but this would 
not indicate the existence of a strong relationship be- 
tween Southeast Asia and New Guineans + Australians. 
Altogether, the summary tree in figure 2.3.3 may remain 
the favored one, while we wait for more genetic data. 

Among lower fissions, the triplet New Guineans + 
Australians, inhabitants of small Pacific islands, and 
Southeast Asians reappears in 29 trees. This may seem a 
low number, but there are at least 39 trees (plus a number 
of others more difficult to specify) in which this triplet 
could not appear because New Guineans + Australians 
or Southeast Asians have separated earlier at the second 
fission. Thus, the percentage of bootstrap trees at this 
node is greater than 29 in 61 (48%). The instability of 
the triplet New Guineans + Australians, inhabitants of 
small Pacific islands, Southeast Asians is in good part 
due to the intrusion of Northeast Asians. This quadru- 
plet appears 17 times, mostly because of the tendency of 
Northeast Asians to pair with Southeast Asians (a total of 
18 times). Northeast Asians pair much more frequently 
with the Northeast Asian Arctic populations (66 times), 
but it seems likely that there has been enough exchange 
between Northeast Asians and Southeast Asians, which 
are geographic neighbors, that the second fission is desta- 
bilized. The same reason seems responsible for the rela- 
tively low frequency of the triplet Northeast Asian Arctic 
populations + Northeast Asians + Americans (48 trees). 
The number of different triplets in a tree of 9 populations 
is 84 so that, in a binomial distribution with a probabil- 
ity of 1 in 84, the probability of observing by chance a 
given triplet 48 times in 98 is exceedingly low. 

An elegant method by E. Minch (unpubl.) clearly con- 
firms that there is an uncertainty if New Guineans and 
Australians truly join with Southeast Asians before they 
join with other non-Africans. The difference between 
the modified Nei and Fz trees is due to an instability of 
present results, which will require further data and analy- 
sis. The source of the uncertainty is probably in the diffi- 
culty of distinguishing Southeast Asians from Northeast 
Asians. Their geographic proximity may be responsible 
for enough admixture that a dichotomous tree cannot 
give an entirely satisfactory representation. 

In conclusion, there has probably been enough inter- 
mingling of the clusters that a network representation 
(i.e., a tree with interconnections between branches) 
would be highly desirable. But the tree in figure 2.3.3 
is probably the best result that can be obtained using 
present methods, that is, a phylogenetic tree without 
interconnections. The way in which this tree was built, 
by first assembling all populations into clusters, is very 
different from the usual procedure in which one chooses 
a single, highly localized population from a vast re- 
gion. This region might be equivalent to one of the 
nine clusters of figure 2.3.3, or to subclusters of them. 
This procedure was used, for instance, in generating all 
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Fig. 2.3.4 Distances (F'sy) among 42 populations of table 
2.3.1 (abcissa) versus standard error of distances (ordinate) 
as estimated by 100 bootstraps resamplings. 


the trees represented in the figures of section 2.2, and 
in practically all papers published on human phyloge- 
netic analysis, because this is the way in which data are 
most easily collected and found in the literature. This 
“atomistic” collection of population samples inevitably 
gives a clearer tree, since most geographically intermedi- 
ate populations have been eliminated and links between 
branches are less likely to be observed. It is doubtful 
whether the sharpness thus acquired is real. Consider- 
ing that the nine large clusters we have used represent 
large, geographically contiguous regions (but separated 
according to natural boundaries that tend to create some 
discontinuity), it may be almost surprising that the tree 
we obtained is reasonably reproducible in different boot- 
strap samples. 

Bootstrap analysis has also been used to estimate the 
standard error of F'sp distances. Figure 2.3.4 shows the 
correlation between Fsy distances and their standard er- 
rors. 


2.3.d. PRINCIPAL COORDINATES ANALYSIS 


We have further examined the 42 populations by PC 
analysis. The first two PCs summarize 27% and 16% 
of the variation, respectively; the map is given in figure 
2.3.5. Africans cluster clearly in the lower right quad- 
rant of the map, with all Caucasoids in the upper right 
quadrant; Berbers are in between, but closer to Cauca- 
soids. The lower left corner is occupied by Southeast 
Asians and the inhabitants of small Pacific islands; in 
the upper left corner are Northeast Asians, the North- 
east Arctic populations, and the Americans. Between 
the Northeast and the Southeast Asian groups is the 
pair of New Guineans and Australians, somewhat closer 
to Southeast than to Northeast Asians. Thus, the PC 
map clearly epitomizes the conclusions reached by the 
tree analysis. The first principal component, however, 
does not correspond exactly to the first fission in the tree; 
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in fact, it groups Africans and Caucasoids versus the rest, 
as in the older trees discussed in section 2.2. In principle, 
the correspondence between the first PC and the first split 
in the tree may be blurred if the numbers of populations 
separated by the split are very unequal. This is true here, 
because there are 6 sub-Saharan Africans versus 36 non- 
Africans. In addition, there is a deviation from treeness 
(see sect. 1.12), that is, partial admixture between the 
products of the first fission, which also contributes to 
altering the correspondence between PC maps and trees. 
The separation of sub-Saharan Africans and Caucasoids 
is brought about clearly, however, by the second PC, 
which also separates northern Mongoloids from southern 
Mongoloids. 


2.3.e. DIFFERENCES BETWEEN MARKERS 


This brings us back to the problem of whether blood 
groups, which dominated the analysis in the earlier 
trees described in section 2.2 incorrectly favor the split 
of Africans + Caucasoids versus the remainder. In this 
study, there are more blood-group data than in our earlier 
investigations (in absolute numbers), but there is also 
a better balance between blood groups, HLA, proteins, 
and enzymes. The problem was attacked at the single 
allele-level by calculating for each allele two quanti- 
ties, JT; and 7>, for each of the two splits: 7; compares 
Africans + Caucasoids versus the rest, and 7> Africans 
versus the rest. The 7; and 7> values were differences 
between average gene frequencies of the clusters appear- 
ing in the two comparisons, divided by the standard de- 


viation within populations represented in the two groups. 
One hundred and eight alleles were informative, that is, 
had a nontrivial number of populations in both compar- 
isons. The difference between the absolute values of 7; 
and 7>, T, was, if positive, in favor of the first split 
(Africans + Caucasoids vs. the rest), and if negative, in 
favor of the second split (Africans vs. the rest). The re- 
sults obtained from classifying the genes into five types 
are shown in the table 2.3.3. 

The 7 values were normally distributed so that the 
use of a Student’s t-test for the difference of T from 
zero Was appropriate. It gave Student’s t = —2.06, 
with 107 degrees of freedom, significant at P = 0.05. 
The overall result favors the split of Africans versus non- 


Table 2.3.3. Numbers of Systems of Polymorphic Markers (by 
gene type) Favoring the Split of Africans and Caucasoids Versus 
All Other Populations (negative T values) or the Split of Africans 
Versus All Other Populations (positive T values) 


No. of T Values 


Gene Type + -- Total 
Blood groups 18 19 37 
HLA 17 12 29 
GM 2 5 7 
Proteins 3 12 15 
Enzymes 10 10 20 
Total 50 58 108 


Note.— x2 of this 2x5 table is 7.02 with 4 degrees of freedom and shows no 
significant heterogeneity. 


—— 
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Africans, but only protein genes taken in isolation show 
a significant deviation from equality. The early results 
(sec. 2.2) in favor of the split of African + European 
versus the others may have been caused by an insufficient 
sample of genes, rather than a tendency of different types 
of markers to give different answers. 


2.3.f. BRIEF SUMMARY 


The most important conclusion in this section is that 
the greatest difference within the human species 1s be- 
tween Africans and non-Africans, but the inference that 
this was the earliest split rests on the assumption of 
constant evolutionary rates, which cannot be tested in 
full rigor from internal evidence alone. We consider this 
problem in the section on comparisons between genetic 
and archaeological data (sec. 2.5). The clusters we have 
formed are reasonably compact, but there are indica- 
tions for some populations that they may have received 
genetic contributions from other clusters, as we see in 
more detail in chapters 3-6. The fissions after the first 
are less sharply defined. Correlations between Northeast 


2.4. ANALYSIS OF DNA DATA 


2.4.a. MITOCHONDRIAL DNA TYPES 
BY RESTRICTION ANALYSIS 


The first DNA polymorphisms examined in humans 
for evolutionary purposes were from mitochondrial DNA 
(mtDNA). Mitochondria are self-reproducing units con- 
tained in all cells of higher organisms (eukaryotes, from 
fungi to Mammals), usually in many copies per cell (up 
to 10,000 or more). They are transmitted only by the 
mother but are present in both sexes. They are respon- 
sible for the type of cell respiration that produces most 
of the energy used by the cell and are determined ge- 
netically in part by DNA contained in the mitochondria 
themselves and independent of nuclear genes (mitochon- 
drial DNA or mtDNA) and in part by nuclear genes. 
Human mtDNA was completely sequenced in 1981(An- 
derson et al. 1981); it 1s a closed circular molecule 
of 16,569 nucleotides and it is thus approximately 
200,000 times shorter than the DNA contained in the 
nucleus. 

The most general method of DNA analysis, the se- 
quencing of whole segments was only very recently 
applied to the study of individual variation (see sec. 
2.4.c). All the genetic work published before 1989 on 
mtDNA variation was done by electrophoretic analysis of 
restriction-fragment-length polymorphisms (RFLP, sec. 
1.3) with one of two methods. 


and Southeast Asians are probably responsible for the 
uncertainty about the second fission. The modified Nei 
tree and the F'sp tree on the nine clusters split South- 
east Asians, New Guineans, and Australians from all 
other non-Africans. The Fsr tree on 42 populations sep- 
arates New Guineans and Australians from all other non- 
Africans, and Southeast Asians split from the remainder 
at the next fission. Bootstraps show a slight advantage 
for the former partition. The cluster formed by Cauca- 
soids, northern Mongoloids, and Amerinds is reasonably 
compact in all analyses. Uncertainty, if any, is rather 
connected with the extent of the similarities between 
Southeast Asians and Australians + New Guineans. 
Most probably, the early migration to Australia and New 
Guinea started from Southeast Asia, and enough an- 
cestors of these migrants remained in Southeast Asia 
that a genetic similarity is still evident, but is compli- 
cated by later contacts between Northeast and Southeast 
Asia. Data on more populations and especially on more 
genes, in addition to other methods of analysis and in- 
dependent sources of evidence, are needed for a sharper 
answer. 


1. The usual way of detecting DNA fragments after restric- 
tion is known as “Southern blotting” (for a description of 
the technique in evolutionary applications to mtDNA, see 
Denaro et al. 1981; Johnson et al. 1983). 

2. An alternative technique, called “end-labeling,” permits 
a better resolution because it allows visualization of very 
short DNA fragments that usually escape detection in 
Southern blots. The latter method is easily applicable only 
if relatively large amounts of mtDNA are available; they 
are usually obtained from placentas. End-labeling (Brown 
1980) was adopted in the early papers by Wilson’s group 
(Brown 1983; Cann et al. 1987; Stoneking et al. 1990). 


The first studies of five human populations analyzing 
RFLPs by Southern blots (Denaro et al. 1981; Johnson 
et al. 1983) showed considerable difference between two 
African groups, Bushmen (Khoisan) and Bantu, and the 
other populations: Caucasoids, Chinese, and Amerind. 
Bantus were in fact intermediate between Khoisan and 
the rest, and closer to the rest than to Khoisan. At face 
value, this result would indicate that the first fission was 
between Khoisans and the rest of the world (fig. 2.4.1A), 
but the number of polymorphisms studied was very lim- 
ited, and this conclusion seemed at the time to disagree 
with other sources of information and was statistically 
insufficient to warrant a basic change of views. 

By contrast, reconstruction of the history of muta- 
tions that led from one mtDNA type to the other gave a 
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very different picture, closer to the earlier one obtained 
from classical polymorphisms. By far the most frequent 
mtDNA type was Asian, and from it seemed to derive all 
other types found elsewhere. Work with Southern blots 
has since been extended to a few more polymorphisms 
and to many other populations by many research work- 
ers. A recent summary of data in the literature (Excoffier 
and Langaney 1989; Excoffier 1990) has led to a picture 
(fig. 2.4.1B) which is still very similar to the original one 
(Johnson et al. 1983), and has been interpreted in a simi- 
lar way, with an Asian origin. There are some indications 
that these data are not in agreement with neutral variation, 
but techniques used assume evolutionary equilibrium, 
which has probably not had the time to be established. 
End-labeling gives a resolution about 10 times greater 
than that possible with Southern blots and thus gen- 


Root of average linkage tree 
assuming equal rates of evolution 


| 


Fig. 2.4.1.A An early tree of five 
human populations (Oriental, Amer- 
ind, Caucasian, Bantu, and Bushmen) 
using mtDNA polymorphisms by 
Southern blots. The abscissa shows 
the number of mutational substitutions 
3 (after Johnson et al. 1983). 


erates many more mtDNA types, so that almost ev- 
ery individual—even from a sample of more than 100 
individuals— was found to be unique. In the initial work 
on a number of human individuals from various parts 
of the world, the root of the human evolutionary tree 
was misplaced (Cann et al. 1982). Deletions later dis- 
covered were probably responsible for this early mis- 
understanding (Cann and Wilson 1983). Thus far, the 
most important set of data analyzed by this technique in 
Allan Wilson’s laboratory (Cann et al. 1987; Stoneking 
and Cann 1989) includes 148 people from five geo- 
graphic regions with 134 mtDNA types; a tree of all 
mtDNA types, reconstructed by a maximum parsimony 
approach, is shown in figure 2.4.1C and is rooted at 
the midpoint between the two most divergent types, a 
procedure assuming constant evolutionary rates. The root 
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Fig. 2.4.1.B A recent picture 

of mtDNA variation as tested by 
Southern blots (after Excoffier 
and Langaney 1989). 
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separated about one third of all the Africans into one 
branch and the other Africans with all other populations 
into another. This was taken to be evidence in favor 
of an African/non-African first split. Africans are thus 
found in all major branches of the tree, whereas non- 
Africans are found in only one major branch, support- 
ing the “out-of-Africa’” hypothesis. Further analysis of 
the same data gave a time estimate of the first split of 
the tree in figure 2.4.1C. This result was made possi- 
ble by the assumption of a constant evolutionary rate of 
mtDNA and an estimation of the rate based on a com- 
parison of the divergence among humans with that be- 
tween humans and chimpanzees. An estimated time for 
the human-chimpanzee split is based on other molecu- 
lar information. Thus, the date of the first split in the 
mtDNA tree of figure 2.4.1C was set at about 200 kya, 
within an interval of 150-300. This is not based on stan- 
dard error estimates, but on the possible fluctuation of 
the rates of mtDNA mutation estimated in primates. 
Some weaknesses in these very important data need 
comment. “Africans” in the tree are almost all African 
Americans, who are known to have 10%-50% white ad- 


Fig. 2.4.1.C Genealogy of 134 mtDNA haplotypes found in 148 
individuals from 5 different geographic regions (taken from Stoneking 
et al. 1989, p. 18, fig. 2.1). This tree consists of two primary 
branches (labeled I and II) and was constructed from restriction maps 
of about 370 cleavage sites per mtDNA, as detailed in Cann et al. 
(1987). The computer program PAUP (Swofford 1985) was used to 
relate mtDNA types in a branching network that minimized the total 
number of mutations; the resulting network was converted to a 
genealogy by placing the ancestor at the midpoint of the longest path 
connecting any two mtDNA types (i.e., midpcint rooting). Inferred 
ancestral nodes were then positioned approximately with respect to 
the scale of sequence divergence by averaging estimates of pairwise 
divergence (calculated from the restriction map by the method of Nei 
and Tajima 1983) for the appropriate descendant mtDNA types. 
Closed circles, Africa; open circles, Asia; open triangles, Australia; 
closed triangles, New Guinea; open squares, Europe. 


mixture, on the average, depending on their origin (Reed 
1969). This limitation is probably less serious than might 
otherwise appear, given that mtDNA is transmitted by the 
maternal line and that most white gene flow into African 
Americans has probably been from white males. More 
recent data obtained by using an independent technique 
have included better samples of Africans and are dis- 
cussed in section 2.4.b. Repeating the tree analysis by 
alternative methods of tree reconstruction and testing 
the root location by bootstrap are desirable means of 
confirming the conclusions. Estimates of the number of 
mutations leading to each of the living individuals from 
the root, and tests to determine whether it is reason- 
ably constant would be important. The analysis of 134 
mtDNA types by maximum parsimony, a demanding 
task, does not guarantee finding the tree involving the 
minimum number of mutations, or a tree close to it. 
A further weakness is the estimate of the confidence 
interval of the date of 200 kya. The basis for estimat- 
ing this interval is not explained in sufficient detail. 
This date depends on the validity of another date, that 
of the separation of chimpanzees and humans, which has 
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been given as 5-7 mya on the basis of molecular data 
on protein immunology (Wilson and Sarich 1969; Sibley 
and Ahlquist 1984). 

Clarification of these points would certainly strengthen 
mtDNA analysis, which is of considerable interest in that 
it provides a genetic date for human evolution indepen- 
dent of dates given earlier by other methods. A list of ex- 
isting estimates, given by Weiss (1988) shows that they 
vary considerably but tend in general to be smaller. Con- 
clusions drawn from mtDNA and from nuclear genes 
cannot be directly compared because they refer to dif- 
ferent events. In principle, even the place of origin of 
nuclear genes and mtDNA genes might turn out to be dif- 
ferent. Complementing the analysis with Y-chromosome 
markers (which, although now available, have not yet 
provided as good polymorphisms as desirable) would 
supply information on the paternal line of transmission, 
which is the missing half of the picture (see sec. 2.4.c). 

There have been many misunderstandings among read- 
ers of these results on their exact meaning. We discuss 
three of them. 

1. The reconstruction of a single woman, who may 
have lived 200 kya and carried an mtDNA type ancestral 
to all the types of mtDNA found in living human popula- 
tions, has been misunderstood not only by laymen but also 
by a few distinguished colleagues, who have accepted 
it as evidence that 200 kya there lived a single woman 
from whom all living humans descend. The widespread 
use, especially in popular magazines, of the word “Eve” 
for naming the first mitochondrial ancestor of all mi- 
tochondria found in modern populations was probably 
responsible for generating this common misunderstand- 
ing. Earlier criticism of the use of Eve’s name (Wainscoat 
1987) is correct. There is absolutely no evidence from 
mtDNA work that the human population went through a 
bottleneck in which there was only one (or few) women. 

This statement is apparently not intuitively grasped by 
all people who are exposed to trees of mtDNA muta- 
tions like that of figure 2.4.1C, and it may be useful 
to discuss it further. Unfortunately, the exact treatment 
of the problems of the genealogy of a given gene and 
its mutations 1s complicated, as is the new mathematical 
development to which they have given rise, called the 
theory of the coalescent (Kingman 1982a,b). MtDNA is 
transmitted by only one parent, the mother, in contrast 
with all nuclear genes (from chromosomes other than 
Y), which are transmitted by both parents. In this inher- 
itance, called “unilinear,” the mtDNA of all children is 
identical to that of their mother, barring mutation, and 
receives no contribution from the father. We can thus 
limit our consideration to women only. Moreover, since 
mitochondria originate from only one parent, recombi- 
nation in the usual sense cannot occur as it does with nu- 
clear genes, which can undergo exchange of segments 
between the paternal and the maternal chromosome at 
the time sperm and eggs are generated. 


Unilinear inheritance has a property that is often mis- 
understood. At a given time, one can usually distin- 
guish in a population many types that differ because 
of mutations that have arisen in their ancestry. If one 
traces their genealogy, one can always find a single com- 
mon ancestor—a woman, in the case of mitochondria — 
that lived many generations before. This does not mean 
that the population at that time comprised of only one 
woman, but that the mitochondria of all the other women 
who lived at the same time and were different are ex- 
tinct. To understand in an elementary way how this can 
happen, use 


A,B,C, D,E,F .G,H; I,K 


to label all the different mitochondrial types (DNA se- 
quences) that exist in a particular generation. Some of 
them will be represented by one woman, others by two, 
three, etc. A fraction of women leaves no offspring. If a 
woman carries a type of mitochondrion, say A, not rep- 
resented in other women, and has no children, then type 
A will be lost in the next generation. In addition, mu- 
tations may occur. For instance, a nucleotide at a given 
site of 16,569 forming the DNA sequence of E may have 
been replaced by another one because of mutation, but 
because all the rest of the sequence of the mutant (which 
we call E}) is identical to FE, the relationship of E and 
FE, can be recognized. If there were several E women 
all of whom had children, and one of the children had 
the mutation F in the next generation the mtDNA types 
might be: 


BG D,£,£;,,9,76, 43545 


Only 9 of the original 10 types survive, but a new type 
has formed by mutation. At every generation the pro- 
cess will be repeated; some of the original types are 
lost at every generation. Similarly, new types produced 
by mutation appear. A second mutation in E, causes 
a new type E>, etc. Note that, if there were no mu- 
tations, drift would cause the whole population to be 
made eventually of only one type, irrespective of the 
number of individuals of which it is formed. Mutation 
continuously generates new types. Therefore, if the to- 
tal number of individuals in a population remains con- 
stant, at some time, there will be a constant number 
of different mtDNA types in the population. This is 
called the equilibrium between the random extinction 
of old types by drift and the generation of new ones by 
mutation. 

This process will continue and, as time goes by, the 
population will keep losing more and more of the old 
types and new mutants will arise. A possible result at 
some time 1s a population with 


B, Bo, E\, E3, Kz, K3, Ks 


in which descendants from only 3 of the original 10 
types survive (B, E, K). It is expected that, in every 
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generation, a proportion of these types remains without 
descendants. If this process continues long enough, the 
probability that all individuals present are descendants 
from a single ancestral type increases and becomes closer 
and closer to unity, that is, certainty. Tracing the geneal- 
ogy of mtDNA, we may thus find only one ancestor of 
a unilinearly transmitted set of markers, but of course 
the descendants of the original type will differ among 
themselves, because of the new mutations that will have 
accumulated. Thus, although all mtDNA present today 
can be traced to a single common ancestor, this is not 
evidence that the human population went through a pe- 
riod when only one woman was alive and reproducing. 
The same is true of the Y chromosome, the largest part 
of which is also unique (not represented in the X chro- 
mosome) and unilinearly transmitted, unless it undergoes 
some possible rare events like illegitimate recombination 
with other chromosomes. 

2. The number of different mtDNA types found in 
a population has sometimes been taken to indicate a 
minimum number of founders of that population (e.g., 
for American Indians; Shurr et al. 1990). Especially in 
the Americas, but wherever drift was very strong, an 
analysis based on a few tribes provides only inadequate 
information on this point. The general statement that 
the minimum number of founders equals the minimum 
number of mtDNA types observed is correct, but this 
number is likely to be a very gross under-estimate of 
the number of founders, being an increasing function 
of the length of the segment of DNA considered and of 
the number of individuals. Presently, these data are based 
on a very small fraction of the total mtDNA. Moreover, 
the analysis is limited to one or a few populations of a 
continent or large region, which is also likely to cause 
serious underestimates. In the Johnson et al. (1983) pa- 
per, a Venezuelan tribe showed zero variation; should 
that have been taken to mean that it was founded by just 
one woman? 

3. A frequent misunderstanding of the “birthdate of 
Eve,” 200 kya, has been generated by the confusion 
between the date of an ancestral haplotype and the ac- 
tual fission of populations (see fig. 2.4.2). The 200-kya 
date does not represent an event in the history of human 
populations, but only in the history of mutations leading 
to presently surviving haplotypes. It only sets an upper 
limit to the history of separations of human populations 
without giving much information on how much later the 
fission between Africans and non-Africans may have 
occurred. Archaeological information indicates that the 
population fission may have taken place perhaps as much 
as 100 ky later than the birth date of the oldest mtDNA 
ancestor whose descendants survive today. This may be 
still in reasonable agreement with the mtDNA data, but 
there is currently no theory for evaluating the agree- 
ment quantitatively. From a qualitative view, however, 
it is clear that the separation date of African and non- 
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Fig. 2.4.2 Comparing the date of origin of the earliest 
mtDNA type and that of separation of populations; the 
second is later (after Nei 1987, p. 277, fig. 10.4). 


African populations must be /ater than the date of origin 
of the mtDNA types common to all human groups. In 
section 2.5, we show that the date of fission of popu- 
lations estimated from genetic distances obtained with 
nuclear markers agrees approximately with the 100 ky 
of separation of African and non-African populations. 
Therefore, the 200-ky mitochondrial date agrees qual- 
itatively with the estimates of population separations 
around 100 ky derived from archaeology and confirmed 
by genetics. 

The 200-ky date for the ancestral mtDNA of modern 
human populations is of considerable help in distinguish- 
ing between the rapid replacement and the multiregional 
hypotheses (figure 2.1.3). In fact (Stoneking and Cann 
1989), it sets an upper limit to the common origin of the 
genome of a.m.h. that is much younger than that claimed 
by exponents of the multiregional hypothesis. Taken at 
face value, this is sufficient to discard the narrow multi- 
regional hypothesis with no gene flow. The amount of 
gene flow acceptable with the results available and the 
numbers of individuals tested is to be determined, but 
is unlikely to be large. The main argument that is left 
to supporters of the polycentric origin is criticism of 
the validity of the 200-ky date, which depends on the 
calibration of the mitochondrial clock. These supporters 
therefore do not accept the hypothesis of constant evo- 
lutionary rates or the validity of the separation between 
chimps and humans around 5 mya. Further work on 
other regions of mtDNA or of the genome in general 
will be important for buttressing this result. But attempts 
at back dating the migration out of Africa to early H. 
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erectus, aS supporters of the polycentric region desire, 
demand an error of calibration of mtDNA of almost a 
full order of magnitude, which seems unlikely. 


2.4.b. SEQUENCING OF MTDNA 


In the last few years, sequencing of DNA segments 
has become much simpler. Thanks to the method of DNA 
amplification by the polymerase chain reaction (PCR), 
One can use minute amounts of DNA, in principle, even 
a single molecule. This method was employed in very 
elegant research by Wilson’s group (Vigilant et al. 1989) 
to study the sequence of 84 individuals for two segments 
of the control region of mtDNA, for a total of about 700 
nucleotides. DNA samples from 14 !Kung (Khoisan) and 
7 other individuals were obtained from hair roots. The 
tree obtained from the 84 sequences is shown in figure 
2.4.3. The tree root was obtained using chimpanzees as 
an outgroup, and falls within the !Kung group, which is 
peripheral to the rest of the individuals. The general dates 
derived from this tree are in reasonable agreement with 
those from the tree of restriction analysis (fig. 2.4.2). 
This result would make the Khoisan the original human 
group from which the others have derived. 

This very important conclusion agrees with figure 
2.4.1A, and other observations of an entirely different 
nature discussed in chapter 3 regarding the origin of the 
Khoisan people. One would like to see it confirmed in 
many other ways, given its interest. Other lesser state- 
ments made in the Vigilant et al.(1989) paper on rates 
of movement of hunter-gatherers (African Pygmy popu- 
lations) and the date of “fusion” of eastern and western 
Pygmies are difficult to accept, as may be gathered from 
the data in chapter 3. More importantly, the tree needs 
further quantative analysis of the number of mutations 
among the various groups represented in the tree. This 
analysis is difficult with the data published up till now. 

Further studies of the control-region sequence in other 
populations are briefly summarized elsewhere (for Sar- 
dinians and Middle Easterners, see chap. 5; for North 
American tribes, see chap. 6). 

There has been considerable controversy on the va- 
lidity of some of the statements made about mtDNA 
since the manuscript of this book went to press. For a 
review, see A. Gibbons, Science, 257 (1992): 873-75. 
Further work will be necessary for clarifying the root of 
the mtDNA tree and the estimate of its time of origin. 


2.4.c. THE Y CHROMOSOME 


Mitochondrial DNA is informative only with respect 
to the evolutionary history of the maternal line, but its 
informational power could be greatly increased if it were 
coupled with the analysis of genes in the portion of the Y 
chromosome that does not.undergo recombination with 
the X chromosome, and is transmitted by the paternal 
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Fig. 2.4.3 Mutational tree of 84 individuals, mostly 
Africans, in which 700 bases of the control region of 


mtDNA were sequenced (taken from Vigilant et al. 1989, 


p. 9353, fig. 3). 
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line. The following notes on the Y chromosome are from 
an unpublished review by A. S. Santachiara-Benerecetti. 
Among the numerous sequences isolated from the Y 
chromosome, only a few have Y-specific polymorphisms 
(Casanova et al. 1985; Lucotte and Ngo 1985; Jaku- 
biczka et al. 1989; Nakahari et al. 1989; Oakey and 
Tyler-Smith 1990). The most informative probe today, 
p49f (¥q11.2; Quack et al. 1988), reveals about 15 male- 
specific bands in Jaq/ digests, 6 of which can be present 
or absent (A—D, E, F) and are variable in size (A and D) 
(Ngo et al. 1986; Guerin et al. 1988). Other fragments 
(G, H, N, O) were later shown to be present or absent 
(Spurdle et al. 1989; Torroni et al. 1990). The molecu- 
lar basis of the variation is not clearly understood, but 
the system is powerful in distinguishing ethnic origins. 
The A, band is virtually absent in 900 Caucasoids ex- 
amined (Spurdle et al. 1989; Torroni et al. 1990; Lucotte 
et al. 1990; A. S. Santachiara-Benerecetti, unpubl.) and 
is present in 70%-—80% of West and South Africans ex- 
amined. A variant D band was found in all 22 popula- 
tions examined. In studies on Mediterranean populations 
(Torroni et al. 1990; A. S. Santachiara-Benerecetti, un- 
publ.), several haplotypes showed unusually large vari- 
ations in frequency among neighboring populations (AI- 
gerians, Tunisians, northern Italians, southern Italians 
and Sardinians). Clearly, the variation here is of consid- 
erable interest, and parallel studies with mtDNA and nu- 
clear genes in the same populations might be especially 
informative. 


2.4.d. DNA POLYMORPHISMS IN NUCLEAR 
(CHROMOSOMAL) GENES 


In recent years, several population investigations of 
nuclear genes have used DNA, but they were usu- 
ally limited to one or a few genes. The B chain of 
hemoglobin has been a favorite subject. In a region of 
approximately 35,000 nucleotides, about a dozen poly- 
morphisms are known, and an analysis of a number of 
populations (Wainscoat et al. 1986) showed consider- 
able distance between Africans and non-Africans (table 
2.4.1). Analysis of a single gene—even a so-called su- 
pergene (at least five proteins are coded in this chro- 
mosome region)—1s inevitably limited in the number 
of polymorphisms that can be studied, and conclusions 
must always be confirmed on many other chromosome 
regions to avoid the possibility that results may be 1id- 
iosyncratic to the gene. This is especially true of the 
hemoglobin region, which is subject to intense natural 
selection in malarial areas where most samples inves- 
tigated for hemoglobin originate. Taken at face value, 
however, the data show a considerable separation be- 
tween Africans and all non-Africans, in good agreement 
with all other data. 

Hemoglobin mutants specifically conferring resistance 
to malaria may well give biased results in terms of ge- 


Table 2.4.1. Relative Frequencies (%) of Haplotypes of Five 
Restriction-Fragment-Length Polymorphisms in the B-Globin 
Region in Various Different Human Populations (modified from 
Wainscoat et al. 1986) 


Population (no. of chromosomes analyzed) 


Euro- Mela-  Poly- — Afri- 
pean Indian Thai  nesian nesian can 
Haplotypes (169) (111) (82) (173) (55) (61) 


+—---- 63.3 52.2 90.6 67.6 78.2 1.8 
—+-++ 26.0 25.2 0.0 16.7 10.9 9.8 
—++-+ 8.9 13.5 6.2 Nee 0.0 1.6 
—++-- 1.8 2.7 0.0 0.0 0.0 0.0 
+—-—++ 0.0 0.0 0.0 6.4 0.0 0.0 


Several other 
haplotypes 0.0 6.3 3.1 4.0 3.6 0.0 


-+--- 0.0 0.0 0.0 0.0 0.0 3.3 
—-+—--—+ 0.0 0.0 0.0 2.3 13: WF 
—----+ 0.0 0.0 0.0 Ie 0.0 60.7 


netic geography; but they offer one advantage, namely, 
that natural selection can amplify the frequency of fa- 
vorable mutants and thus reveal the presence of genetic 
markers otherwise undetectable because of their rarity. 
They make it possible to detect even a few migrants who 
carried some of these selected markers and, if a migrant 
population had a relatively high proportion of one or 
more of them because of previous exposure to malaria, 
it may leave a detectable trail. One can follow and to 
some extent confirm the migrations of Phoenicians and 
Greek colonizers in the Mediterranean, which are his- 
torically well known, by the geographic distribution of 
molecular types of thalassemia mutants (see sec. 2.14). 
In addition, the haplotypes for standard polymorphisms 
in the hemoglobin 6-chain region, associated with these 
mutants, show a peculiar geographic distribution among 
patients and their families that is indicative of the geo- 
graphic origin of the genes. Although probably biased 
for quantitative historical studies, markers favored by 
natural selection are useful for tracing qualitatively an- 
cient migrations because their frequencies are amplified 
in the natural selection process. 

A systematic analysis of DNA polymorphisms for 
nuclear genes (RFLPs) was begun in 1984 by one of us 
(L. Cavalli-Sforza) at Stanford in collaboration with 
Ken and Judy Kidd of Yale University with the aim 
of preparing a reference panel of populations of evo- 
lutionary interest, to be tested with a large number of 
DNA polymorphisms. From blood samples of a num- 
ber of individuals (ideally, 50 unrelated) lymphoblas- 
toid cell lines were grown in vitro in order to provide 
any desired amount of DNA from each individ- 
ual, thus making it possible to test any number of 
RFLPs or other DNA markers. The number of avail- 
able DNA polymorphisms is over 2000 and growing 
rapidly; every probe may give information about more 
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than one polymorphism. The potential information is 
enormous, but a considerable amount of DNA is neces- 
sary for testing many probes. In vitro growth of human 
cells is therefore mandatory for the most important ab- 
original populations. Although in vitro growth seems to 
cause no detectable variation in our experience —except 
for well-known rearrangements of chromosome regions 
involved in antibody production— it requires a process of 
“immortalization” by Epstein-Barr (EB) virus transfor- 
mation. This procedure is not easy to carry out with re- 
mote populations, because blood lymphocytes begin dy- 
ing quickly | or 2 days after blood collection. Our original 
plan (Cavalli-Sforza et al. 1987) was to collect 25 un- 
related families (father, mother, two children) from each 
population, for the purpose of obtaining direct information 
on haplotypes. These can also be inferred from unrelated 
individuals, but with less accuracy. Actually, mortality 
of cells before they can be cultivated in the laboratory 
has substantially decreased the number of families and 
individuals available for populations located in remote 
regions (see also Bowcock and Cavalli-Sforza 1991). 

In practice, the percentage of successful in vitro cul- 
tures has been low for the most remote populations, and 
therefore samples of individuals are often smaller than 
we intended. Families have frequently been broken up 
by lack of growth of random individuals, and haplo- 
types had to be calculated from the whole sample us- 
ing information available from the few intact families. 
Population samples vary considerably in number. The 
Melanesian sample, the smallest, is made up of only 
14 unrelated individuals (28 chromosomes). The largest 
samples have close to 100 individuals. 

The following populations have been analyzed for 
each of 100 DNA polymorphisms (listed in Bowcock 
et al. 1987, 1991, 1992) of which 99 are RFLPs and | 
(HLA Dqa) was tested by PCR. 


1. Central African Republic (CAR) Pygmies are Western 
Pygmies, who, as tests with classical markers have shown 
(see chap. 3), have a 70%-75% admixture with other 
Black Africans, mostly of Nilo-Saharan or Bantu stock 
(collected by Cavalli-Sforza and by B. Hewlett). 

2. Zaire (Ituri forest) Pygmies are Eastern Pygmies, who, 
as can be judged from their height (they are the shortest 


population on earth), are the “purest” in the sense that 
they seem to have had the least admixture with neighbors. 
They also show the greatest distance from all other African 
populations (collected by Cavalli-Sforza and B. Hewlett). 

3. Melanesians are from the island of Bougainville (col- 
lected by Jonathan Friedlander of Philadelphia). 

4. Chinese are persons living in the San Francisco Bay 
Area, born in mainland China, both North and South, 
of Chinese parents (collected by L. Wang and L.Cavalli- 
Sforza at Stanford). 

5. Caucasoids are local residents of the area of around Stan- 
ford and Yale Universities, or from data available in the 
literature. They are likely to be mostly northern Euro- 
peans. 


See however Mountain et al. 1992. 

The data currently available for 100 polymorphisms 
used a total of 74 probes (Bowcock et al. 1991, 1992). 
Most polymorphisms had two alleles. The Fsry distance 
matrix obtained is shown in table 2.4.2. All the follow- 
ing conclusions have been confirmed on Nei distances, 
which are closely proportional to Fs; distances. The 
standard errors calculated by the bootstrap method are 
appended to each distance; their average is 15.8% of the 
distance (median value). 

The distance matrix shows that two pairs are made 
of rather similar populations: the two Pygmy popula- 
tions have a very short distance from one another, and 
the Chinese and Caucasoid populations have a somewhat 
greater distance than that between the Pygmies. The dis- 
tances of Melanesians from Chinese and Caucasoids are 
smaller than their distances from the two Pygmy pop- 
ulations. Therefore, Melanesians are closer to the Chi- 
nese and Caucasoid groups, and the root is located be- 
tween the two African populations on one side, with the 
three non-African populations on the other. We have a 
miniature confirmation of the trees obtained with classi- 
cal polymorphisms discussed in sections 2.3.b, 2.3.c. 

The tree of figure 2.4.4 was obtained by average 
linkage and then by maximum likelihood. A second, 
somewhat different tree was obtained using the nearest- 
neighbor method (fig. 2.4.5). Minimum path and addi- 
tive least squares also gave similar results. Unlike the 
methods used for figure 2.4.4, the last three do not re- 


Table 2.4.2. Matrix of Genetic Distances of Five World Populations Tested for 100 DNA Polymorphisms 


(+ Standard errors) 


C.A.R. Pygmies Zaire Pygmies Melanesians Chinese Europeans 
C.A.R. Pygmies: ~ 0.023+0.006 0.133+0.020 0.144+0.023 0.088+ 0.014 
Zaire Pygmies 0.043 + 0.011 - 0.139+0.021 0.139+0.022 0.084+0.011 
Melanesians 0.094+0.014 0.086+ 0.013 


Chinese 
Europeans 


0.171 + 0.019 - 0.058 + 0.011 
0.148 + 0.019 | 0.093 + 0.016 * 


Note.— The bottom left triangle corresponds to F;, distances whereas the upper right triangle corresponds to Nei’s 
distances. Boxes include distances that should be the same, within statistical error, if the tree of Figure 2.4.4 is 
correct. In the larger box, there is an unacceptable variation between the six distances, as explained in the text. 


*C.A.R., Central African Republic. 
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Fig. 2.4.4 A rooted tree obtained from the matrix of 

five populations (C. A. R. [Central African Republic] 
Pygmies, Zaire Pygmies, Europeans, Chinese, and 
Melanesians) and analyzed with 100 DNA polymorphisms 
using maximum likelihood reconstruction. Genetic dis- 
tances among the populations are shown in table 2.4.2 
(from Bowcock et al. 1991). 


C.A. R. 
Pygmies 


a 


4 Europeans ; Chinese 


Zaire 
Pygmies 
Melanesians 
BRANCH 
METHOD a b c d e f g 
Minimum string* 13.5 152 56.1 113 7.7 41.1 746 
Neighbor-joining 175 255 111.1 89 26.1 67.1 103.9 


Least squares* 194 236 1136 69 244 65.3 107.7 

*Assuming neighbor-joining topology. 
Fig. 2.4.5 An unrooted tree obtained from the distances 
of table 2.4.2 by a variety of methods. The topology was 
obtained by the neighbor-joining method, and the lengths 


of segments a—g were obtained using the three methods 
shown in the table given below (from Bowcock et al. 1991). 


quire equal total length for all segments. With all the 
methods, the European branch is clearly very short, for 
reasons discussed in this subsection. 

In figure 2.4.6 we give the results of analyzing 100 
bootstrap samples using average linkage. Clearly, the 
tree found by average linkage on the total data is also 
the most frequently occurring of all bootstrap trees: 84% 
of all bootstraps return the same answer. However, in 
14 trees a different answer is obtained: the first split 
separates Europeans from all other populations, and the 
next split separates Africans from non-Africans. Two rare 
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Pygmies Pygmies 


C. A. R. Zaire Chinese Melanesians Europeans 
Pygmies Pygmies 
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C.A.R. Zaire Europeans Chinese Melanesians 
Pygmies Pygmies 


C. A. R. Zaire Europeans Melanesians Chinese 


Pygmies Pygmies 


Fig. 2.4.6 One hundred bootstrap trees from the data 

set from which the Fs; distance matrix of table 2.4.1 was 
obtained. The first tree is the same as that obtained from 
a direct analysis of the distance matrix in table 2.4.2. 


trees (1% of each) have somewhat different forms and 
can be considered random accidents. 

One wonders if the tree has the internal consistency 
expected if the evolutionary rate is constant, a hypothesis 
under which the use of average linkage is satisfactory. 
If evolutionary rates are constant in every branch of the 
tree, the distances enclosed in a rectangular box of table 
2.4.2 are expected to be equal (see sec. 1.11). The boot- 
strap estimate of the standard error can help test whether 
this expectation is satisfied. In the small rectangle the 
two distances 0.148 and 0.171 are very close within 
standard error. In the large rectangle, the six distances 
expected to be identical are rather heterogeneous. One 
notices two blocks, one made of the distances of the two 
African populations from Caucasoids: 0.141 and 0.142, 
which are homogeneous and smaller, whereas the other 
four distances (0.235, 0.235, 0.242, 0.265) are larger 
and also rather homogeneous. Because the distances of 
a matrix are intercorrelated, we tested the difference be- 
tween the two blocks in the six-distances rectangle by 
bootstrapping. The quantity, 
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(where a,b,c,d,e are the five populations of table 2.4.2, 
and Dx, is the distance between x and y, with x,y being 
any of the five populations a,b,c,d,e), was found to be 
much higher than its standard error, with a probability of 
10°*. Thus, there is significant heterogeneity among the 
six distances of the rectangle, and Europeans are closer to 
Africans than they should be; or, in other words, treeness 
is unsatisfactory. This is in agreement with the shortness 
of the European branch in figures 2.4.4 and 2.4.5. 

There are three possible explanations for this phe- 
nomenon: a smaller evolutionary rate in the European 
branch, a bias resulting from the selection of all mark- 
ers among European samples, or admixture between two 
populations of the tree leading to the formation of Euro- 
peans (see sec. 1.17). In the last 5000-6000 years, Eu- 
rope was densely inhabited, and the resulting decreased 
drift may have lessened the evolutionary rate. Even if 
drift had been completely frozen in this period, it is 
unlikely that the shortening of the European branch by 
80% (on the basis of the nearest-neighbor tree; see also 
Bowcock et al. 1991) was entirely caused by this phe- 
nomenon. There is little if any reason for supporting a 
slower European evolutionary rate of the magnitude ob- 
served. A selection bias cannot be entirely ruled out at 
present, but it is unlikely to be important, considering 
that heterozygosity in Europeans is only slightly higher 
than in Africans. However, it should be given serious 
attention when planning future studies, by using poly- 
morphisms not selected in Europeans. There are good 
historical reasons for suspecting that admixture events 
may have happened repeatedly. In more recent times, 
modern Europeans also received an important genetic 
contribution from the Middle East at the time of farm- 
ers’ expansions (9000-5000 years ago), as discussed in 
chapter 5. West and Central Asia, which are the proba- 
ble origins of these and other migrations to Europe, are 
geographically in the middle between Africa and East 
Asia. An ancient population of West Asia, sandwiched 
between those of Africa and East Asia before the expan- 
sion of a.m.h. to Europe, may have become genetically 
intermediate between East Asia and Europe because of 
admixture between the groups. Similar, later events, in- 
cluding the above mentioned farmers’ expansion, may 
have acted in the same direction. 

We tested the hypothesis of the origin of Europeans 
by admixture by trying various admixture hypotheses 
(between African ancestors and ancestors of Melane- 
sians, of Chinese, or of both). The model assumed that 
at a given time (f,,) there occurred an admixture of 
a proportion m of African ancestors, and a proportion 
(1 — m) of ancestors from the non-African branches of 
the tree. The formulas used for the expected matrix un- 
der this admixture model are given by Cavalli-Sforza and 
Piazza (1975). The only hypothesis compatible with the 
data is that there was an admixture between African an- 
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Fig. 2.4.7 A tree calculated by the maximum-likelihood 
method and showing that admixture between ancestral 
African and ancestral Chinese was responsible for the 
genesis of the European population (from Bowcock et al. 
1991). C. A. R., Central African Republic. 


cestors and Chinese ancestors (figure 2.4.7). The values 
m = 0.35+0.09 and t,, = 29.9+6.0 ky were estimated 
by maximum likelihood. 

In a recent paper, Nei and Livshits (1989) exam- 
ined the distances of Africans (mainly Bantus from 
Nigeria and Cameroon), Europeans (mainly from Great 
Britain), and Asians (mainly Japanese) for 186 loci (84 
proteins, 33 blood groups, 8 HLA and Immunoglob- 
ulins, 61 DNA markers, including about one-half of 
those examined above). They showed that Europeans and 
Asians are significantly closer (Nei’s distance with stan- 
dard error, 0.040 + 0.007) than Europeans and Africans 
(0.063 + 0.011) or Asians and Africans (0.078 + 0.013). 
A rooted tree cannot be built with as few as three popu- 
lations; one can however, use a different model, that of 
admixture (sec. 1.17). The application is approximate 
because the method is entirely appropriate only for Fz 
distances, but there is a fairly close proportionality in 
this range between the two types of distances. The esti- 
mate of admixture based on these data is 35% African 
and 65% Asian, in excellent agreement with that derived 
above using maximum likelihood on the full set of DNA 
markers. 

The model of admixture we have employed is of ne- 
cessity simple. It fits well, but it is likely that other 
models of admixture would also fit the data equally 
well. One possibility, already mentioned, is that there 
was more than one opportunity for admixture, in which 
case the times and proportions calculated are averages 
of various events (say, one before 35 kya and one after). 
The gene exchange between neighbors leading to admix- 
ture may have lasted for several thousands of years. In 
the model we used, admixture happens instantaneously, 
but it would be very difficult to distinguish the two situ- 
ations from each other or from a clinal variation as in a 
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stepping-stone-like model. There would be little point in 
trying to discriminate among many such similar models 
on the basis of so few data. 

The earliest tree (fig. 2.2.1) obtained with classical 
markers, and analyzed by a method that allowed the de- 
tection of shorter branches, already showed this phe- 
nomenon. Figure 2.3.1 would not show short branches, 
because in a tree obtained by average linkage all seg- 
ments from root to modern populations are forced by 
the hypothesis of constant evolutionary rates to take the 
same total length. The table of distances of the nine 
clusters (table 2.3.2), however, also shows that with that 
set of classical markers Caucasoids tend to be closer to 
Africans than expected. The phenomenon is therefore 
independent of the type of markers. 

One would like to be able to extend this approach 
including fusions as well as fissions in evolutionary hu- 
man history, but accurate analysis of a greater number 


of populations would most probably demand information 
on many more genes than are available. 

Further discussion of the interpretation of the admix- 
ture was given in the original paper (Bowcock et al. 
1991). It suffices here to conclude that DNA polymor- 
phisms agree with data from classical markers; in addi- 
tion, they allow one to hypothesize that the European 
population underwent substantial hybridization about 30 
kya. The phenomenon may also have happened repeat- 
edly at different times, before and after 30 kya. In gen- 
eral, it reflects the geographic intermediacy between East 
Asia and Africa of European ancestors, who probably 
originated in West Asia. The trees obtained by methods 
other than average linkage or maximum likelihood (e.g., 
fig. 2.4.5), show a slightly different structure; the short- 
ness of the European branch is most probably the re- 
sponse of the method of tree reconstruction to admixture. 


2.5. COMPARISON WITH ARCHAEOLOGICAL DATA 


The most important difference in the human gene pool 
is clearly that between Africans and non-Africans, cor- 
recting earlier conclusions. This suggests that the split 
between Africans and non-Africans was the earliest in 
human evolutionary history, a suggestion subject to val- 
idation of the hypothesis that rates of evolution are 
constant. The genetic tree does not necessarily tell us 
whether the first humans were in Africa and expanded 
to Asia, or vice versa. We know human mobility can be 
high, thus reducing the strength of arguments based on 
the present residence of people, but we can assume that 
today they are not too far from where they once were, 
unless this conflicts with other evidence. We thus have 
two separate problems and turn now to archaeology in 
search of useful evidence. 

Does this early African/non-African genetic split cor- 
respond to what is known of the history of human evolu- 
tion? The earliest African a.m.h. with which we are fa- 
miliar are dated about 100 kya in East Africa and South 
Africa. Today these areas are mostly dry and savannalike 
with a climate perhaps not very different from around 
100 kya. Dryness is a prerequisite for the conservation 
of bones because they rapidly disappear in a humid 
forest. Therefore, we may never be able to determine 
whether these early a.m.h. also existed in the humid 
parts of Africa. In no other continent have comparable 
a.m.h. or their nearest predecessors been found in this 
period. The recent finds of a.m.h. in Israel have been 
very important in setting a date for the possible separa- 
tion of Africans and non-Africans. The finds are so early 
that they have even generated some apprehension about 
the uniqueness of the African contribution to the gen- 
esis of a.m.h. We do not discuss this point further, given 


the limitations of the relevant evidence. We also do not 
include in our discussion the multiregional hypothesis, 
because we are not persuaded that there is yet enough 
evidence to make it the central event in the evolution of 
modern humans. 

It is certainly encouraging that the greatest distance 
observed in the phylogenetic tree corresponds to the 
oldest separation accepted by many archaeologists. This 
leads us to research further the extent to which other 
archaeological dates provide support for the genetic tree. 
We have kept insisting on the importance of the con- 
stancy of evolutionary rates in the different branches 
of the tree, which is the condition for the usefulness 
of tree reconstruction. On what principle do we ex- 
pect it to hold? The average genetic distance between 
two populations or population clusters will increase in 
proportion to the time of separation under random ge- 
netic drift, provided that (1) the population size remains 
approximately the same, on the average, in the two 
branches during the process of evolutionary differenti- 
ation, and (2) genetic exchange by migration between 
branches is not important, or at least it is proportional 
in the various branches. Neither expectation will ever 
be entirely satisfied, but it is enough if they hold ap- 
proximately. Under certain conditions, error arising from 
these sources can be minimized. This brings us back 
to consider two possible approaches: the use of small 
populations chosen to represent a large area, and often 
located centrally in it (an atomistic approach); or the 
use of whole large regions as population units for tree 
analysis. Both methods have been employed, the first 
much more often than the second because it is more 
easily fitted to the usual structure of available data. The 
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advantage of using small populations is that the various 
population units are all very distant one from the other, 
and cross-migration between them is extremely diluted. 
However, the populations being investigated may be very 
small and of different sizes and therefore very suscepti- 
ble to drift of variable intensity. A population 10 times 
smaller than another one, if each mates randomly, will 
evolve 10 times faster than the larger one. The whole- 
large-region approach may seem more highly exposed to 
the problem of genetic exchange; if two large regions are 
neighbors, they inevitably have some exchange, unless 
they are separated by strong physical barriers. In fact, ge- 
netic exchange is not a difficulty for large areas, because 
it occurs primarily between immediate neighbors. Thus, 
exchange between two large regions is limited to their 
periphery. The effect on the whole group may be very 
small. If the large regions have similar population sizes, 
taking account of population density, they are likely to 
have similar amounts of drift. 

It has seemed likely to us that the best conditions for 
comparing archaeological dates and genetic distances are 
found in the earliest splits, using large regions. There are 
three major early fissions or mass migrations for which 
we have approximate dates. 

1. The movement from Africa to Asia (sec. 2.1) must 
have occurred after the origin of a.m.h. in Africa. Until 
a few years ago, it was believed that the first coloniza- 
tion outside Africa was in the Middle East around 40 
kya. But these dates were very uncertain; unfortunately 
older sites are difficult to date with the conventional ra- 
diocarbon technique. New finds and new dating methods 
have provided evidence that a.m.h. existed in the Mid- 
dle East in two different places around 100 kya. It is, 
of course, possible that this finding reflects a settlement 
later than the actual first arrival, or that this colonization 
was not successful. In any case, the appropriate node 
of the genetic tree with which to compare this time is 
the genetic distance between (sub-Saharan) Africans and 
non-Africans. 

2. The arrival of a.m.h. in Australia is the next event 
for which we have dates supported by many later find- 
ings. A few years ago, the Australian date was believed to 
be 40 kya (or more) (Cavalli-Sforza et al. 1988). On the 
basis of new thermoluminescence data, recent work has 
suggested a date of 50 or 60 kya (Roberts et al. 1990). We 
use the date of 55 kya. The transit to Australia must have 
occurred from Southeast Asia, and possible routes are de- 
scribed in chapter 7. At least one part of the route required 
the use of boats or rafts for which we have no archae- 
ological information. New Guinea and Australia were 
not separated by sea in this period, and New Guinea was 
probably occupied at the same time as Australia; the most 
likely route to Australia included a leg on New Guinea. 
We use as a genetic counterpart the average distance be- 
tween New Guinea + Australia and Southeast Asia. 


3. The entry into Europe occurred about 35 kya, cor- 
responding with the disappearance of the Neanderthals 
(Cavalli-Sforza et al. 1988). Straus (1989) suggested an 
earlier date, around 43 kya. Using genetic data from Eu- 
ropeans is problematic because they have an abnormally 
short branch. It is probably more satisfactory to use all 
Caucasoids. Their nearest common ancestors are North- 
east Asian + Americans, and their genetic distance with 
the whole cluster was taken for this separation. 

If the evolutionary rate is constant, the genetic dis- 
tance (G) divided by the time (T) should also be con- 
stant. These values are given in table 2.5.1 and are de- 
rived by averaging the relevant distances of table 2.3.2, 
after dividing by 10. For ease of comparison with the 
calculation (Cavalli-Sforza et al. 1988) previously per- 
formed with Nei’s modified distances, which used a tree 
topology more similar to figure 2.3.3 than figure 2.3.2, 
we use the Fsz distances of table 2.3.2 that gave rise to 
figure 2.3.3. 

Another advantage to using large regions (in practice, 
continents or large parts of them) is that they give some 
guarantee that one region will not diverge excessively 
from others in terms of the average population size since 
settlement. It is the average population size over long pe- 
riods that counts, and the average census size over time 
to be used is the harmonic mean (see, e.g., Cavalli- 
Sforza and Bodmer 1971a), which is very sensitive to 
small values. All continents are likely to have been set- 
tled by a relatively small number of people at first, and 
thus no single continent will be favored by the procedure. 
Using large regions, the effects of fluctuations over time 
and over space are likely to be minimized. All conti- 
nents seem to have been populated fairly rapidly, and, 
after an initial rapid increase, the total population may 
have increased only very slowly during the Paleolithic. 
Major differences in the density observed today usually 
developed much later. Dates of first settlement of con- 
tinents, though approximate, are perhaps better known 
than most other dates. In the worst case, America, there 
is at most a factor of two between the extremes of the 
possible dates of occupation. 


Table 2.5.1. Comparison of Genetic Distances (Fs7 x 1000) from 
Figure 2.3.3 with Archaeological Separation Times 


Clusters Defining G T G 
Fission (genetic distance) (time) Fr 
African vs. 

non-African 205 100 k.y.a. 2.05 
Southeast Asian vs. 

Australian and 

New Guinean 124 55 k.y.a. 2.25 
Caucasoid vs. 

Northeast Asian 

and Amerind 84 43 k.y.a. 1.95 


GENETIC HISTORY OF WORLD POPULATIONS 95 


The three G/T values of table 2.5.1 have the average 
G/T = 2.08 + 0.09, and the low standard error of the 
joint estimate indicates good agreement. 

As we see in chapter 6, there is considerable uncer- 
tainty about the first date of entry into America. In the 
1988 paper, we used two different dates (15 and 35 kya) 
on which the preferences of different groups of archae- 
ologists seem to concentrate. There was a slightly bet- 
ter agreement of genetic distance with the older date, but 
many considerations made a conclusion uncertain. Much 
movement of aboriginal Siberians has occurred in the last 
few centuries, and it is not clear which populations were 
in the extreme Northeast at the time or times of the pas- 
sage to America, or how many founder populations or 
independent migrations there were. The earliest migra- 
tions, postulated to have given rise to Amerinds (chap. 
6), may have comprised many different groups. More- 
over, these populations may have diverged from other 
Asian populations for an unknown length of time be- 
fore entering America. One can reverse the procedure 
and calculate the date of entry from the genetic dis- 
tance. Using figure 2.3.3 and the data from table 2.5.1, 
the genetic distance between Americans and the clus- 
ter of Arctic Northeast + Northeast Asia is 66. With 
the G/T constant of 2.08 calculated above by averaging 
data from table 2.3.2, the date of entry to America is 
66/2.08 = 32 kya, closer to the older date. In chapter 
6 we give another possible estimate, not very different 
from this one, based on the separation between the Asian 
ancestors of Arctic Americans and residual Americans. 

We consider it safe to use the constant 2.08 (say 2.1) 
for large distances. Tests for shorter distances involve 
clusters that may give false results because of possible 
errors resulting from admixture or drift; applications to 
shorter distances should therefore be taken with caution. 
As mentioned before, admixture tends to artificially in- 
crease dates estimated in trees built with average link- 
age (sec. 1.15, 1.17), and the same happens with drift 
in small populations. Admixture may also artificially in- 
crease the time of separation by another mechanism. The 
sample of new settlers may come from a peripheral, splin- 
ter population that is geographically, and therefore also 
genetically, fairly distant from the average of the whole 
region that we accept as putative parent. In a low-density 
region such as Siberia is likely to have been at all times, 
this is certainly one of the possible scenarios. Taken at 
face value the colonization of America was early. 

Three examples illustrate the use of the G/T con- 
stant for presumably shorter time separations and smaller 
populations. 

1. Lapps. One calculates 26 ky of separation from 
other Caucasoids on the basis of their genetic distance. 
In fact, Lapps are a mixture of Northeast Asians and 
Caucasoids, with a slight majority of the latter. The date 
of their entry into Lappland is not known, but must be 


greater than 2000 years ago. They live in small groups 
and there is high variance between them, indicating high 
drift. Because they originated from a hybridization in- 
volving distant populations and because drift is high, the 
estimated date is most probably too early. 

2. Sardinians. The date of 16 kya is in excess of 
the earliest radiocarbon date known (9120 + 380 B.P) 
(Spoor and Sondaar 1986), though not in serious dis- 
agreement given the rarity of archaeological data. How- 
ever, there certainly were later arrivals in the Neolithic 
and even more clearly in the Bronze Age—in addition to 
the Phoenician colonization of southern Sardinia— which 
have added genes from many other sources, generating 
chances for admixtures. The bulk of the population was 
probably little influenced by these late migrations, and 
even less so by more recent ones (see chap. 5). 

3. Polynesians. The genetic dating of the separation 
from Melanesians + Micronesians is around 26 kya, al- 
most 10 times higher than the known dates of coloniza- 
tion of Polynesia. Here there was a genetic contribu- 
tion from two distant populations, Southeast Asian and 
Melanesian. As in the case of the Lapps, the mixture 1s 
fairly distant from either ancestral population and artifi- 
cially increases the date of separation. Polynesians have 
also had an enormous amount of drift as insular popu- 
lations that underwent many extreme bottlenecks. Both 
admixture and drift must contribute to this high increase 
in the apparent date (see chap. 7). 

Dating based on genetic distances has been criticized 
(Weiss 1988) because migration among differentiating 
populations may considerably reduce their genetic dis- 
tance. This criticism would be correct if one used a pri- 
ori formulas, for example, those given in section 1.11 
for the dependence of genetic distance on time, know- 
ing population size N. This approach would be useful 
only in exceptional circumstances. When genetic dating 
is made by archaeological calibration using genetic dis- 
tances and archeological dates as above, the criticism is 
of lesser importance, as long as the amount of genetic 
exchange with neighbors remains within normal limits 
and in similar amounts in the various branches. We have 
seen in the case of Lapps and Polynesians, however, that 
genetic exchange may make these estimates unreliable, 
because the genetic distance becomes much greater than 
expected. 

Several demographic factors other than migration and 
admixture affect genetic date estimates. When an area 
is colonized more than once, as usually happens, the 
genetic picture depends on the proportions of the an- 
cestry coming from the different waves of colonization. 
These proportions are usually not known and may vary 
widely, depending on the numbers of descendants of the 
earlier colonizers present when the later colonizers ar- 
rive. The social relations established between earlier and 
later colonizers are of the utmost importance. These re- 
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lations may vary from genocide (e.g., in the Antilles, 
in Australia and Tasmania; about the latter, see Diamond 
1991), or slavery, to acceptance and admixture which 
may eventually cancel all traces of the hybridization pro- 
cess. Sometimes latecomers do not survive as a distinct 
population in the long run, but may well contribute to 
the gene pool of aborigines (as may have happened to 
Vikings in Greenland and Newfoundland). 

The genetic distances employed here are based entirely 
on gene frequencies of classical polymorphisms. There 
is not yet enough information for a detailed comparison 
with DNA polymorphisms in equivalent populations, but 
whenever it was possible to set up comparisons for other 
problems, no major discrepancy between classical and 
DNA polymorphisms was found. 


With the sequencing of highly mutable regions, as in 
the control regions of mtDNA, one has the opportunity 
to use an entirely different approach: the count of muta- 
tions differentiating individuals. If the mutation rate in 
a specific region is stable over time, the count of muta- 
tions is a better measure of genetic difference than those 
based on gene frequencies; the number of mutations is, 
in principle, independent of population size as long as 
there is no natural selection, and proportional only to 
evolutionary time (Kimura 1968, 1983). The standard 
error of these estimates may be high and affected by vari- 
ation of the mutation rate at different nucleotide sites. 
Most of the experience in mtDNA dating seems to be 
restricted to the dating of the first ancestral haplotype 
(see sec. 2.4.a, b; see also chap. 5). 


2.6. COMPARISON WITH LINGUISTIC CLASSIFICATIONS 


2.6.a. PROBLEMS CONFRONTING LINGUISTIC 
CLASSIFICATIONS 


Languages have very scarce “fossil” information, usu- 
ally limited to situations in which writing was developed, 
taking us back at most about 5000 years. Toponymy 
may occasionally give older, but undated information. 
Whether human languages had a single or multiple ori- 
gins is considered by most linguists as insoluble. The 
speculations on the origin of language were sufficiently 
wild in the last century that in 1866 the Linguistic Soci- 
ety of Paris forbade discussions of this topic at its meet- 
ings (Crystal 1987). The strength of this taboo was such 
that it still survives to a great extent. The real difficulty 
is that human language evolves so fast that the differ- 
entiation between presently extant languages is extreme, 
and it is difficult to establish similarities between them. 
Nevertheless, a small group of linguists, especially those 
interested in classification, have recently started a search 
for words possibly common to all language families. It is 
well known to linguists that some words are more highly 
conserved than others; they refer usually to body parts, 
kinship terms, personal pronouns, low numerals (one, 
two, three), and others. The first universal root (found 
in many families) was proposed by Greenberg (Lecture, 
Stanford University, 1976): “tik,” meaning “one,” “fin- 
ger’ (usually the index finger), or “hand.” The semantic 
change is easily acceptable in this case, as is the phono- 
logical change from “tik” to “digit,” for instance. Ad- 
ditional roots have now been proposed and the research 
is proceeding (Bengtson and Ruhlen 1993). There are 
two major traps in this research. One is the possibility 
of chance coincidence; this seems unlikely on the basis 
of qualitative considerations, but it can be tested quan- 
titatively and should be examined more fully. A more 
subtle cause of error is the early borrowing of a word 


by another language. If, however, one has to systematic- 
ally invoke borrowing for many roots of meanings 
known from other evidence to be highly conserved, the 
explanation of borrowing becomes suspect. 

Fortunately, in recent years, the hypothesis of mono- 
genesis of language is being considered seriously. Nev- 
ertheless, problems of classification remain and are made 
difficult by the absence of agreement on the criteria for 
considering two languages related. The lack of widespread 
understanding of statistical and probability concepts and 
methods in the linguistic community is a further barrier 
to consensus. Greenberg has recently published a new 
analysis of Amerindian languages (Greenberg 1987), 
considerably strengthening earlier proposals that most 
Amerindian languages belong to a single family, which 
he calls Amerind, and which consists of 11 families previ- 
ously considered unrelated (Ruhlen 1975). Nevertheless, 
a symposium of Americanists meeting a few years ago 
(Campbell and Mithun 1979) declared that no less than 58 
families of Amerind languages should be recognized for 
North America alone. One of Greenberg’s responses is 
that if the criteria employed by his critics were extended 
to the well-accepted family of Indo-European languages, 
which has been recognized for 200 years, this family too 
would have to be rejected. More detail is given in chapter 6 
in the discussion of the Americas, where the disagreement 
on the definition of families is particularly acute. 

A linguistic family is a group of languages showing 
enough similarities for a common phylogenetic origin to 
seem likely (linguists use the word “genetic” for phylo- 
genetic). This definition is mainly heuristic, and linguists 
find it difficult to agree on the exact composition of certain 
families. This is not too surprising, as even in zoology and 
botany there are still doubts about the acceptance of some 
phyla 200 years after Linnaeus gave the modern general 
classification of living beings. The original Linnean clas- 
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sification had well-known mistakes, like the inclusion of 
whales and dolphins among fishes, not to mention the ac- 
ceptance of legendary humans in the genus Homo. But the 
linguistic classification has not reached the Linnean stage, 
in the sense that higher levels of classification (above the 
family) are few, incomplete, and usually rejected by many 
linguists. Thus, there is no tree of human languages. For 
such a tree to become possible, the monogenetic origin of 
languages would have to be accepted or, if refuted, spe- 
cific independent origins would have to be spelled out. 
The introduction of quantitative methods is still in its 
infancy, but could considerably improve the quality of 
linguistic classification if there were no objective diffi- 
culties in defining satisfactory criteria for measuring re- 
lationships. The evolutionary usefulness of characters 
varies considerably, with some being more highly con- 
served than others. A similar, though not identical, dif- 
ficulty was met by the early taxonomists of plants and 
animals. It should be stressed that the problem would not 
be entirely resolved by simply applying existing methods 
of numerical taxonomy nor by the application of the prin- 


Khoisan Chukchi-Kamchatkan 
Niger-Kordofanian Eskimo-Aleut 

Nilo-Saharan Dravidian 

Afro-Asiatic Sino-Tibetan 1 
Caucasian Miao-Yao —__(Austric) 2 
Indo-European Austroasiatic (Austric) 3 
Uralic-Yukaghir Daic (Austric) 4 
Altaic Indo-Pacific 5 
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ciples of cladistics (sec. 1.12). The extension of these 
concepts to intraspecific biological variation or to lin- 
guistics is not likely to be very constructive. Ascertaining 
a genetic relationship among languages may always re- 
quire Pascal’s “esprit de finesse” (the qualitative weight- 
ing of many different attributes and points of view by an 
expert) and is perhaps not ready for the use of the “esprit 
géomeétrique” (a fully deductive approach). The study of 
mechanisms of language evolution, which is underdevel- 
oped, may be very helpful or, indeed, necessary before 
a rational “genetic” classification can be completed. 
Even if a complete tree has not yet been constructed, a 
number of families has been recognized, and agreement 
is substantial for a subset of them. Others are in a state of 
flux. The history of linguistic classification is recorded 
by Ruhlen (1987), who is responsible for the most recent 
and complete guide to classification. With regard to the 
highest-level linguistic taxa both “phylum” and “family” 
are used, and we consider the two terms interchange- 
able. The 17 families specified by Ruhlen and their geo- 
graphic distribution are shown in figure 2.6.1 and in 


by 


Australian 
Na-Dene 


Indo-European 
Eskimo-Aleut 
Austroasiatic (Austric) 
Austronesian (Austric) 


Fig. 2.6.1 Geographic distribution of the 17 linguistic families (from Ruhlen 1987, pp. 284-285, map 8.1): 1, Khoisan; 2, 
Niger-Kordofanian (made up of Kordofanian and Niger-Congo); 3, Nilo-Saharan; 4, Afro-Asiatic; 5, Caucasian (now considered 
two distinct families, North Caucasian and South Caucasian; Ruhlen, pers. comm.); 6, Indo-European (Indo-Hittite by Ruhlen); 

7, Uralic- Yukaghir (Yukaghir is a single language long considered separate by some); 8, Altaic (some prefer to consider Korean- 
Japanese-Ainu separate from Altaic); 9, Chukchi-Kamchatkan; 10, Eskimo-Aleut; 11, Elamo-Dravidian (called Dravidian until 
now); 12, Sino-Tibetan; 13, Austric (this formerly includes Miao- Yao, Austroasiatic, and Austro-Tai, the latter consisting of Daic 
and Austronesian); 14, Indo-Pacific; 15, Australian; 16, Na-Dene (spoken in North America, mostly in the northwest); 17, Amerind 
(a new family proposed by Greenberg, which includes all Amerind languages of North and South America with the sole exception 


of those belonging to Na-Dene). 
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the color section. Ruhlen’s first classification (1975) had 
28 families, now reduced to 17, mostly because of the 
grouping of the Amerind and Austric families. 

Some of these families were discovered long ago and 
are universally accepted today, like Indo-European (the 
first recognized) and others. For other families, differ- 
ences of opinion exist as to whether some languages or 
subfamilies should be included in one or another family; 
a few of these differences were indicated in the legend 
for figure 2.6.1. The acceptance of the Amerind fam- 
ily has proved controversial, and even the 11 Amerind 
subfamilies that form it are not universally accepted by 
Americanists. A discussion of this controversy may be 
found in Ruhlen (1987). The methodological problems 
involved in language classification are of considerable 
scientific interest, and Greenberg’s recent book on lan- 
guages of America (Greenberg 1987) contains an excel- 
lent critical introduction to them (see also chap. 6). As 
of today, the Amerind family is the subject of a number 
of attacks (for an impartial commentary, see Diamond 
1990), the heat of which surpasses the experience of the 
worst controversies in biology, unless one goes back to 
the diatribe against Darwinism in the last century. For 
people outside the field of linguistics, it may be use- 
ful to know that Greenberg is very highly respected by 
linguists for his work. His classification of African lan- 
guages (Greenberg 1949, 1950, 1954, 1955, 1963) was 
attacked initially but is accepted today. It is difficult to 
predict when and how the new controversy will be re- 
solved. The major need is for a discussion of method- 
ology, although the opposing methodological points of 
view, Summarized in Greenberg (1987), are so far from 
each other that it is difficult to see how an agreement 
can be reached (see chap. 6 for further discussion). 

At the present stage of taxonomic efforts by linguists, 
only a few steps forward have been made beyond the de- 
scription of the basic families and toward the possible fi- 
nal target of a complete hierarchic and truly phylogenetic 
classification of all linguistic families. As we stated previ- 
ously, this is objectively a very difficult task, because the 
rate of linguistic evolution is so high that there is superfi- 
cially almost no relationship between languages from very 
different families. The steps forward are the recognition 
of relationships between some of the families, which have 
led to the identification of superfamilies or superphyla. In 
this phase of the research, conclusions are still fluid and 
subject to criticism, but the following results are neverthe- 
less worth mentioning. Two groups of researchers have in- 
dependently recognized two superfamilies or superphyla 
that clearly overlap to an important extent. 


1. The Nostratic superfamily. Following earlier suggestions 
by Pedersen (1931), the Russian linguists Illich-Svityich 
(1971) and Dolgopolsky (1970) independently recognized 
a superfamily made up of six families. Further contribu- 
tions were made by Menges (1977). 


Western: Indo-European 
Afro-Asiatic 
Caucasian (Kartvelian) 
Eastern: Dravidian 
Uralic 
Altaic (including Korean) 
2. The Eurasiatic superfamily. Greenberg has reconstructed 
this superfamily, which includes six families. 
Indo-European 
Uralic- Yukaghir 
Altaic 
Korean-Japanese-Ainu 
Chukchi-Kamchatkan 
Eskimo-Aleut 


There is an obvious resemblance between these su- 
perfamilies: they share half of the linguistic families of 
Caucasoids and northern Mongoloids. In addition, mak- 
ing use of the recent work by Greenberg on Amerind, 
Shevoroshkin (1989) has recognized a similarity between 
Amerind and the Nostratic proto-language (ancestral re- 
constructed language). According to Ruhlen (1990), the 
discrepancies between the two superfamilies are due to 
differences in methodologies of the Russian and the 
American researchers. An important difference is that 
Russians rely on families for which a proto-language has 
been reconstructed; families without a proto-language 
were not considered. Greenberg does not believe in the 
need for using reconstructed proto-languages for inter- 
family comparisons. He left out Afro-Asiatic, Dravidian, 
and Caucasian because he believes they are less closely 
related than the language families he has included in 
Eurasiatic. These families would be included only at a 
higher level of classification. Ruhlen concluded there- 
fore that Nostratic is not a valid taxon, because it omits 
families at a lower systematic level that have not been 
considered by the Russians. 

A smaller superphylum, Austric, is already part of 
Ruhlen’s classification (phylum no. 13) in figure 2.6.1. 
In more recent time, relationships already described long 
ago between Na-Dene and Sino-Tibetan languages, as 
well as Na-Dene and Caucasian languages, and between 
this superfamily and some language isolates (Basque, 
Etruscan, Sumerian, Hurrian, etc.) were given fresh at- 
tention (Starostin 1989; Gamkrelidze and Ivanov 1990). 


2.6.b. COMPARISON OF GENETIC AND 
LINGUISTIC TREES 


Armed with this knowledge, we have proceeded to 
map these language families and superfamilies on the 
genetic tree of figure 2.3.2. Sixteen linguistic families 
could be mapped onto the genetic tree. We have no 
data on speakers of Caucasian languages among the 42 
populations. Of the 42, Mbuti Pygmies are believed to 
have lost their original language, having borrowed those 
of neighbors. There was a clear correspondence between 
the 16 linguistic families and the 41 residual populations 
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in that each linguistic family associated with either a sin- 
gle genetic population or with a few closely related ones, 
that is, to a genetic cluster that is low in the evolutionary 
hierarchy, and hence presumably appeared late. In figure 
2.6.2, the genetic tree (see fig. 2.3.2A; Cavalli-Sforza et 
al. 1988) is arranged to show parallels and discrepancies 
more clearly. 

The one-to-one correspondence between genetic clus- 
ters and linguistic families is remarkably high, but is not 
perfect. Two processes may cause exceptions: language 
replacement, and gene replacement. In some cases they 
can be readily identified on the basis of historical infor- 
mation. Genetic data on modern populations also help 
to distinguish between the two processes, or at least to 
assess the contribution of the second of the two. Gene 
replacement is more likely to be partial and tends to fol- 
low demographic history. Two neighboring people may 
mix by asymmetrical gene flow, with only one of them 
contributing a small number of individuals to the other in 
every generation. As we have seen in section 1.17, the 
continuation of this process over a sufficiently long time 


may determine an almost complete gene substitution. In 
general, the gene pool tends to reflect rather faithfully 
the numerical contribution from the two parental groups. 
Thus, genetically intermediate populations can be gen- 
erated, with all possible degrees of admixture. This pro- 
cess need not be accompanied by language change. Lan- 
guages tend to behave more like a unit, and be replaced 
as a whole, if at all. One can, and usually does, no- 
tice contributions to the lexicon from neighbors, but the 
structure of language is more stable, and certain specific 
groups of words are more highly conserved. In certain 
cases, therefore, one can observe massive genetic con- 
tributions from an external source with little if any lan- 
guage change, and, in other cases, language substitutions 
with little genetic change. 

Some cases of language replacement are historically 
documented; for instance, Latin spread to western Eu- 
rope and other countries under Roman rule, and foreign 
invaders imposed their languages in Hungary and in 
Turkey during the Middle Ages. In certain situations 
language replacement was a massive phenomenon, as 
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Fig. 2.6.2 The genetic tree comparing 
linguistic families and superfamilies 
published in Cavalli-Sforza et al. 
(1988). Populations pooled on the basis 
of linguistic classification belong to 
the following groups: Bantu, Niger- 
Kordofanian family; Nilotic, Nilo- 
Saharan family; Southeast Indian, 
Dravidian family; Samoyeds, Uralic 
family from Russia; North Turkic, 
branch of Altaic family; Northwest 
Amerind, Na-Dene family. The genetic 
tree was constructed by average link- 
age analysis of Nei’s genetic distances 
and is the same as that of figure 
2.3.2A. 
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shown by the spread of European languages to the Amer- 
icas or Australia in modern times, or of Arabic to North 
Africa in the Middle Ages. The original languages may 
then appear only as relics in isolated places. This is 
believed to be the case for Basque, the only pre-Indo- 
European language surviving in Europe after the spread 
of Indo-European languages (see chap. 5). Similarly, 
the Dravidian family (see chap. 4) is mostly confined 
to southern India and a few more-northern places but 
was probably much more widespread in the past; in 
this case, the diffusion of Indo-European languages was 
also the cause of the partial disappearance of the lan- 
guages of the earlier settlers. The processes leading to 
language replacement are described in some more detail 
later (sec. 2.6.d). 

The exceptions to a full correlation between the ge- 
netic tree and the classification of languages by families 
in figure 2.6.2 are listed below. 

1. Two members of the Afro-Asiatic language fam- 
ily correspond to different major branches of the ge- 
netic tree: East Africans (mostly Ethiopians), who are 
genetically African, and Berbers, North Africans who 
are genetically Caucasoid. Ethiopians are to various de- 
grees mixtures of African and Caucasoid gene pools, 
with an African preponderance (on the average) so that 
they join Africans in the genetic tree. Most Ethiopians 
speak languages of Cushitic, a major branch of Afro- 
Asiatic, some speak Nilo-Saharan languages, but rela- 
tively recent and known historical events contributed to 
the spread to northern Ethiopia of south Arabian lan- 
guages (the Semitic branch of the Afro-Asiatic family). 
Clearly there was in Ethiopia substantial gene replace- 
ment, which may be quite different in different places, 
and, at least in some cases, there was also language re- 
placement (see chap. 3). 

2. Two representatives of the Uralic family appear in 
the tree, Samoyeds (living east of the Urals) plus neigh- 
boring populations, and Saame (usually called Lapps) 
who live in northern Scandinavia. The first are genetically 
Mongoloids, and the second Caucasoids. Further genetic 
analysis, however (Guglielmino-Matessi et al. 1991; see 
also chap. 5) showed Lapps are a mixture of Caucasoids 
and people of Uralic origin who are Mongoloid. The con- 
tribution of the latter is less important and Lapps there- 
fore associate in the genetic tree with Caucasoids. The 
simplest explanation is that gene flow going on for mil- 
lennia from their neighbors of Caucasoid origin (see sec. 
1.17 and chap. 5), has caused enough gene replacement 
in Lapps to produce their now predominantly European- 
looking gene pool without language replacement. 

3. Tibetans and South Chinese speak languages of 
the same family, Sino-Tibetan, but belong genetically 
to northern and to southern Mongoloids respectively. 
Tibetans come from the north of China and their genetic 
association agrees with their geographic origin (chap. 4). 
Northern and southern Chinese are substantially different 


genetically but Chinese languages were probably spread 
to southern China only in the first millennium B.c. when 
the rule of northern China was extended to the south 
(Wang 1991). Many ethnic minorities of southern China 
still speak native languages which do not belong to the 
Sino-Tibetan family. 

4. Basque, as mentioned above, is considered an 
isolate language, very probably a relic of a pre-Indo- 
European one. All possible relatives of Basques are very 
distant from it linguistically and geographically. Genet- 
ically Basques are European but are sufficiently distinct 
that they can be recognized as an isolate, probably proto- 
European (Mourant 1954). They have remained endog- 
amous and, in general, isolated enough from neighbors 
that they are recognized as linguistically and genetically 
distinct from them, but they certainly have received sub- 
stantial gene flow over the millennia (see chap. 5). 

5. Melanesians, and to some extent Micronesians and 
Polynesians, are mixed genetically. Some Melanesian 
tribes use Austronesian or other Indo-Pacific languages. 
A clear distinction of gene and language replacement 
is made difficult by the remoteness of contacts between 
earlier settlers (Melanesians, speaking Indo-Pacific lan- 
guages) and later settlers (Indonesian and Southeast 
Asians, speaking Austronesian languages; see chap. 7). 

The correlation between the genetic tree and the in- 
formation from linguistic families is difficult to test sta- 
tistically in a direct fashion, because the nature of a tree 
prevents the application to this problem of most if not all 
current statistical tests. An unusual measure of this cor- 
relation was, however, provided by an application of a 
coefficient (the index of consistency) developed for esti- 
mating the evolutionary congruence of traits observed in 
living organisms with the tree summarizing their phylo- 
genetic history (Kluge and Farris 1969). The application 
of this measure has thus far been limited by the lack of a 
statistical test of significance and also by a strong depen- 
dence of the numerical value on the size of the sample 
tested (Archie 1989). The index was first calculated on 
our data by Bateman et al. (1990), but we disagreed 
with these authors on their method of calculation and 
their belief that it was impossible to calculate a statistical 
error (Cavalli-Sforza et al. 1990). If an adequate test of 
significance is constructed, the index can lend itself to 
test the congruence between the linguistic families and 
the genetic tree. A test of significance was applied to the 
problem by Cavalli-Sforza et al. 1992, by evaluating the 
index of consistency on the data from the Cavalli-Sforza 
et al. (1988) paper and also on 10,000 permutations of 
the linguistic families, which provide a distribution of 
the random values of the consistency index and permit a 
significance test. All values of consistency indices were 
calculated by the computer program MIX available in 
the Phylip package. The index for the observed data 
was 0.57 and in random permutations of linguistic fam- 
ilies, such a high value would be found with a probabil- 
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ity of 10°. The difference between the observed value 
and those obtained by chance is thus highly significant, 
and the statistical test confirms the congruence between 
genetic and linguistic differentiation. 

There 1s also a remarkable correlation between the two 
linguistic superfamilies Nostratic/Eurasiatic and Austric 
and the genetic data. These superfamilies are the first 
important attempts at generating higher levels of hierar- 
chy in the linguistic classification above the traditional 
families. Furthermore, Nostratic and Eurasiatic are simi- 
lar enough that it is reasonable to consider them as clas- 
sifications in progress that, when further work is done, 
will most probably converge and become one single su- 
perfamily. Taking the union (in the language of set the- 
ory, 1.e., all elements present in one or the other su- 
perfamily) of Nostratic and Eurasiatic, plus Amerind, 
whose similarity to Nostratic/Eurasiatic has been sug- 
gested (Shevoroshkin 1989), we find an almost perfect 
correspondence with the whole north-Eurasian genetic 
cluster. There is only one exception to complete coin- 
cidence of the genetic and linguistic clusters, namely 
the presence in the genetic cluster of the Na-Dene, who 
are of uncertain origin but may belong to another, possi- 
bly older, Asian family called Dene-Caucasian (Starostin 
1989). Na-Dene had considerable opportunities for ad- 
mixture with Amerinds, making it more difficult to 
demonstrate their separate identity (see chap. 6). More- 
over, the Austric superfamily shows a remarkable corre- 
spondence with a genetic cluster. These similarities at 
a higher hierarchic level are a dramatic confirmation 
of the existence of an important association between 
genetic and linguistic evolution. The superfamilies on 
which this last evidence is based are not recognized to- 
day by a number of linguists (Bateman et al. 1990a, b), 
and it is likely that reaching a consensus will take some 
time. Recent reviews in Scientific American and Atlantic 
Monthly tell the story of the fight between Nostraticists 
and their detractors, as well as the arguments concern- 
ing the “mother tongue” and the American languages 
(Ross 1991; Wright 1991). We hope that more satisfac- 
tory, quantitative methods of analysis of linguistic evolu- 
tion will be developed and help to accelerate consensus 
(Diamond 1990). We suggest that such methods be first 
tested on material on which consensus has been reached 
(e.g., the Indo-European, and possibly other families). 

Our findings demonstrate that the association between 
linguistic families and the genetic history of humans 
is far from random and the significance tests confirm 
our conclusion. Results of regional comparisons of lan- 
guages and populations vary considerably. In a survey 
of 15 studies, not including ours (Barbujani 1991), 6 
were found to be significantly in favor of association. 
This is a significant answer, since less than one study 
(0.05 x 16 = 0.80) would be expected to be significant 
by chance alone at a significance level of 5%. It is, how- 
ever, unfortunate that most of the 15 studies reviewed by 


Barbujani have used linear correlation coefficients be- 
tween genetic and linguistic distances. There is a seri- 
ous drawback in testing the significance of such correla- 
tions because of the autocorrelation among the distances. 
Possible statistical solutions are given by the Mantel or 
the Clifford test (Mantel 1967; Clifford 1989) or, alter- 
natively, by a direct comparison of trees as described 
above (see also Cavalli-Sforza et al. 1992). 


2.6.c. WHY IS THERE A CLOSE SIMILARITY 
BETWEEN LINGUISTIC AND GENETIC TREES? 


In subsequent chapters we examine many analyses at 
the regional level that reinforce the notion of a strong 
parallelism between linguistic and genetic evolution, as 
observed here at the world level. What explanations can 
one offer for this important correlation? The major ex- 
planation is the history of populations. The correlation 
is certainly not due to the effect of genes on languages; 
if anything, it is likely that there is a reverse influence in 
that linguistic barriers may strengthen the genetic isola- 
tion between groups speaking different languages. This 
effect of linguistic isolation on genetic isolation is ob- 
servable at a level of linguistic difference much lower 
than that of language phyla, for example, between speak- 
ers of different branches of the Indo-European family 
(or even within languages of the Romance or Germanic 
branches; see chap. 5). It is crystal clear that all normal 
human beings have essentially the same skills in learning 
languages, and the native tongue of an individual is en- 
tirely determined by the social environment in which the 
cultural development of that individual has taken place. 
Because in most people these skills decrease consider- 
ably after puberty, it becomes difficult if not impossible 
after that age to attain native ability in a foreign lan- 
guage, especially in its phonetics. This phenomenon is 
probably true for all human groups, but it has not been 
properly investigated. 

The explanation of the parallelism between genetic 
and linguistic trees is to be sought in the common effect 
of factors determining differentiation both at the genetic 
and at the linguistic level. The most important factors are 
events determining the separation of two groups. After 
fission and migration of one or both moieties to a differ- 
ent area, they are partially or completely isolated from 
each other. Reciprocal isolation causes both genetic and 
linguistic differentiation. It is reasonable to assume that 
both the genetic and the linguistic divergence thus de- 
termined will increase with the time since separation, 
although not necessarily as regularly as glottochronolo- 
gists or some biological evolutionists would like them 
to. Thus, the history of major fissions in the process of 
occupation of continents or parts of them is likely to be 
mirrored in both genetic and linguistic evolution. 

The historic process of change is also recognizable in 
the geographic patterns of variation, which reflect the 
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pattern of past historical events, including genetic ex- 
change. The model of isolation by distance (sec. 1.16) 
gives rise to the expectation that genetic distance will 
increase with geographic distance. We see in section 2.9 
that genetic observations come rather close to expecta- 
tion, at least within a range of 500-1000 miles. For wider 
ranges, genetic and geographic distances may also show 
a simple linear increase, but the relation may also be 
more complex, either because there has not been time 
to reach equilibrium, or because geographic barriers pre- 
vent its taking place. The situation for languages has not 
been examined in the same detail, but it may be simi- 
lar to that of genes (Cavalli-Sforza and Wang 1986). 
At least for variation within a language, or a group of 
closely related languages, geographic distance and lin- 
guistic distance are reasonably correlated. 

Factors other than separation may have similar effects 
on both types of evolution and contribute to the corre- 
lation. Two that come to mind are population size and 
migratory exchanges. Small population size favors faster 
genetic differentiation and may have the same effect on 
languages, but the mechanisms of linguistic evolution are 
too poorly known for this statement to be other than an 
interesting hypothesis. Migratory exchange between two 
populations favors both genetic and linguistic exchanges 
and therefore decreases or slows the divergence in both 
cases. For instance, in Ethiopians and Lapps, we have 
seen that admixture for languages and for genes are not 
parallel, because they are affected by different constraints. 


2.6.d. LANGUAGE REPLACEMENTS 


Among the exceptions that may blur the picture of the 
correlation between languages and genes in figure 2.6.2, 
language replacement is likely to be most important 
and the easiest to study because there are many known 
historical examples. Therefore, we summarize here the 
mechanisms of language replacement. The archaeologist 
C. Renfrew (1987) has suggested three possible models. 
We have simplified and reduced them to two (pooling his 
second and third model, which he admits are similar). 
In both cases one language is replaced by another, but 
the genetic consequences are quite different. In the first 
case, a population replaces another and brings its own 
genes and its language. In the second, a small but pow- 
erful group imposes its rule (and its language) on a larger 
population. It is useful to consider both in more detail. 

1. Demic expansions (see sec. 2.7). Demic expan- 
sions are the basis of Renfrew’s demographic-subsistence 
models: expansions of people under demographic pres- 
sure to areas previously uninhabited, or inhabited by 
other ethnic groups living at a more primitive economic 
level and therefore at a definitely lower population 
density. Previous inhabitants are suppressed, enslaved, 
or absorbed. The expansion of farmers is one example 
that we explore in the next section and discuss in chapter 


5 because the first such genetic model was advanced 
for Europe. Renfrew (1987a, 1989a) suggested that the 
spread of farmers from the Middle East, which he ac- 
cepts as the explanation of the diffusion of agriculture 
from the area of origin, was responsible for the spread 
of Indo-European languages (see sec. 2.7 and chap. 
5). Other competing theories about the spread of Indo- 
European languages are plentiful (Mallory 1989), as we 
show in subsequent chapters. One example of expan- 
sion of farmers accompanied by the spread of the farm- 
ers’ languages is less controversial (see chap. 3). In the 
3000 or more years it took for Bantu-language speak- 
ers to migrate from Cameroon/Nigeria to Central and 
South Africa, there was ample time for Bantu languages 
to diverge, but their original unity is easily appreciated. 
In general, two languages differentiate to the point that 
mutual intelligibility is lost in 1000 years (order of mag- 
nitude) and often less. Renfrew has more recently sug- 
gested (1992) that all agricultural developments causing 
demic diffusions have also spread the farmers’ language. 

2. Conquest by a minority, including Renfrew’s elite- 
dominance and system-collapse models. Under con- 
quest, a people, usually with strong social hierarchy and 
military organization, takes power in a country and im- 
poses its language and usually much of its global cul- 
tural inheritance, retaining for itself positions of power 
and control of wealth. Conquerors, if well-organized, 
can be a small minority. Two such cases are the previ- 
ously cited examples of Turkey and Hungary, which are 
well-known historically and are further studied in chap- 
ter 5. In both cases the genetic traces of the invaders 
are, at best, extremely modest since they were not suffi- 
ciently numerous to influence strongly the genetic pool 
of the previous inhabitants. 

Conquest does not always involve language replace- 
ment. Several barbarian invasions after the fall of the 
Roman empire did not have a marked effect on local 
languages, although in some cases the original barbar- 
ians’ dialect has been conserved to these days in certain 
small areas. 

In Renfrew’s terminology, system collapse, generating 
a power vacuum, may result in unusual circumstances, 
giving a chance to certain minorities to take control and 
impose their language. Two examples cited by Renfrew are 
the fall of the Roman Empire in Britain, after which Anglo- 
Saxon mercenaries, perhaps with the help of kin from 
abroad, acquired power; and the fall of the Mayan civiliza- 
tion around the tenth century A.D., about which much less 
is known. As acknowledged by Renfrew, this mechanism 
could be considered a special case of elite dominance. 

Unlike Renfrew, who has chosen not to consider the 
genetic aspects of these phenomena, we are interested in 
the joint history. In the demographic-subsistence model, 
there is clearly replacement of both languages and, at 
least partially, also of genes. Most elite-dominance situ- 
ations are likely to leave the genes largely or relatively 
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intact, unless the size of the invading population is not 
negligible compared with that of the invaded country. In 
many cases the invaders generate the new aristocracy, 
and sometimes do not mix or mix only to a very lim- 
ited extent. Even when admixture occurs, the aristocracy 
formed by the conquerors can remain relatively unmixed 
genetically for a long time. In the Americas one finds 
extremely varied situations from country to country, or 
city to city, with respect to the admixture between native 
Americans, Caucasoids, and Blacks. 

In some situations, mechanisms other than those pos- 
tulated by Renfrew seem to have operated, or the dis- 
tinction between mechanisms is not easy. Especially in 
Africa, India, and New Guinea—but undoubtedly also 
in other parts of the world—there are tribes in which one 
finds an inconsistency between language and genes, but 
it is unclear whether it is due to language replacement 
or to gene replacement. One would expect language re- 
placement to occur more easily, but in classical situations 
of asymmetric, modest gene flow, there may be exten- 
sive gene replacement of a population, provided contact 
and genetic exchange have lasted long enough (see sec. 
1.17). African Pygmies have usually acquired languages 
from neighbors and retained them for some time; they 
may have gone through more than one such cycle, as 
they moved, or their neighbors changed. But Pygmies 
may also show evidence of partial, and sometimes ad- 
vanced, gene replacement (Cavalli-Sforza 1986). These 
and many other cases show that language replacement 
may follow contact with other populations that are not 
at all at the level of social development required in the 
elite-dominance model. There is usually some economic 
dependence on the people whose language is acquired, 
but genetic exchange may be absent, moderate, or fre- 
quent, depending on circumstances. Although African 
Pygmies show examples of language replacement with 
or without gene replacement, in other groups extensive 
replacement of genes may have co-occurred with con- 
servation of the language. This may be true for Lapps, 
who were in prolonged contact with neighbors of differ- 
ent ethnic and linguistic origin. We have seen in section 
1.17 that gene replacement caused by prolonged gene 
flow can be fairly rapid. In certain cases, within 1000 
years or less gene replacement can be complete enough 
to make the genetic origin of people very difficult to 
trace. In Africa the case of the Hadza and Sandawe is of 
special interest. These two Tanzanian populations, which 
speak Khoisan languages, show little if any evidence 
of Khoisan genes. This may be a case of gene replace- 
ment rather than language replacement; other similar 
situations are mentioned in chapter 3. We thus have a 
number of different situations, with or without genetic 
replacement, with or without language replacement, or 
without marked differences in social development. When 
history is well-known, the analysis of these phenomena 
is simple. A systematic study of language replacements, 


of the historical conditions determining them, and its 
social and genetic correlates seems badly needed. 


2.6.e. POSSIBLE TIMES OF ORIGIN OF 
LINGUISTIC FAMILIES 


The genetic tree may help us set a time for the origin 
of linguistic families. There have been direct attempts 
(by Swadesh) at dating the origin of languages and their 
families by a method called glottochronology or lexi- 
costatistics, which assumes (Swadesh 1971) a constant 
probability of replacement of words per unit of time with 
words of the same meaning but of recognizably different 
origin (root). This method, which is an exact parallel of 
the molecular clock in biology but had an independent 
origin, has received mixed acceptance among linguists. 
Swadesh recognized that different words have a different 
rate of replacement and tried to prepare a basic list of 
highly conserved words. Unfortunately, there are several 
difficulties: the replacement rates are not homogeneous 
even in the later revised word lists, and the curve of de- 
crease of the percentage of cognates (words of same ori- 
gin) 1s not a simple negative exponential (Kruskal et al. 
1971; Sankoff 1970), as was expected under the original 
theory. As a consequence, glottochronological methods 
tend to underestimate older times of separation of lan- 
guages. There are also difficulties at the semantic and 
phonological levels in establishing cognates. Further crit- 
icisms are illustrated by Embleton (1986), who proposed 
a mathematical method for taking account of the effects 
of words borrowed from neighbors. The expression “bor- 
rowing” is used by linguists to define an analogue of gene 
migration, but unlike the genetic phenomena, words are 
either borrowed or not, whereas the acquisition of genes 
from migrants is a completely gradual change of frequen- 
cies of genes, which proceeds in parallel for all genes. 

The time of origin of the Indo-European family is usu- 
ally given as 5000 years B.p. (Gimbutas 1966; Mallory 
1989). Renfrew equates the spread of Indo-European 
with that of farming from the Middle East, which would 
put the origin, at the latest, at 10,000 years B.p or 10 
kya. On the basis of linguistic considerations, Dolgopol- 
sky (1988) argues for a date between 10 and 20 kya, ten- 
tatively put at 15 kya. Genetic distances indicate a mini- 
mum date of 9 kya, the date corresponding to the average 
distance of Europeans, including Iranians and people in 
the Near East. An upper limit of 17 kya was obtained on 
the basis of the separation of all Indo-European speak- 
ers from Berbers, who speak a language from a differ- 
ent family. Indians were not included in this calcula- 
tion of genetic distance for linguistic purposes, because 
they are highly hybridized with Southeast Indians who 
speak Dravidian and other languages. The existence of 
a disturbance in the apparent evolutionary rate of Euro- 
peans, discussed in section 2.4, makes these estimates 
less strong than one would like them to be. 
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The origin of Niger-Kordofanian is around 10 kya, but 
it is perplexing that Nilo-Saharan would seem to have a 
later origin according to the genetic tree (4 kya). The 
genetic data are probably giving an erroneous indication 
because Nilo-Saharans included in the tree are mostly 
Nilotics, coming from areas that must have had important 
contacts with Bantus at the time of their migrations (chap. 
3). Information on other Nilo-Saharans is almost nil. The 
genetic divergence between Khoisan (!Kung) and other 
Africans on the basis of the tree is on the order of 50 kya, 
but a more complete discussion is given in chapter 3. 

The divergence of Afro-Asiatic is based in this tree on 
the distance of Berbers from Indo-Europeans and is on 
the order of 15 kya. Data from Ethiopians are tainted by 
admixture problems, as repeatedly indicated above. 

It is difficult to give a time depth for Dravidian using 
genetic data, as there is genetic admixture both in Indo- 
European and in Dravidian-speaking Indians. Taken at 
face value, the date would be 20 kya. 

Excluding Lapps, who are mixed, Uralic appears to 
have 4000 years separation from Mongols (Altaic speak- 
ers). This seems short and may require reconsideration. 
For Altaic—excluding northern Turkic, which shows 
greater genetic affinity with Northeast Asians—the es- 
timate is 19 ky. Eskimo and Chukchi have a separation 
of about 20 ky. 

We have already discussed estimates of separation be- 
tween native American and North Asians, which are on the 
order of 20-30 ky (see also chap. 6). This may also be the 
time for the separation of Amerind and Na-Dene, whereas 
that between Eskimo and Na-Dene may be only 10-15 ky. 

Austric has a date around 21 kya. The data do not 
seem informative with regard to Sino-Tibetan. 

The Polynesian fission from the tree seems unaccept- 
ably large and, as already mentioned, is likely to be 
greatly magnified by problems of initial admixture and 
of very high drift (see chap. 7). 


Finally, the Indo-Pacific and Australian families are 
among the oldest, with a separation time around 45 kya. 

The most interesting date is obtained from the corre- 
spondence between the Eurasian superfamilies (Nostratic 
+ Eurasiatic) and the north Eurasian cluster of the ge- 
netic tree. The latter is dated at about 40 kya (see fig. 
2.3.3, table 2.5.1). This is somewhat after the end of 
the “black period” before the archaeologically observed 
major expansions of a.m.h. 

The dates indicated here for the origin of linguistic 
families are suggestions that should be taken with a ton 
of salt. A more specifically directed investigation is nec- 
essary. Rather than considering dates of origin for indi- 
vidual families, it is perhaps more meaningful to con- 
sider the global distribution of the dates of origin of 
linguistic families. The majority of families seems to 
have an age of 5 (more probably 7 or 8) to 20 ky, with 
some older ones in the range of 30-50 ky: Khoisan, 
Australian, Indo-Pacific. These values depend on the as- 
sumption that separation dates can be estimated accu- 
rately from genetic distances and that the date of sep- 
aration for genes is also responsible for the fission of 
linguistic families. 

Linguistic and genetic evolution can exchange useful 
information in another respect. Some research on the 
area of origin of linguistic families obviously can be of 
interest to genetics. Inevitably, the time and area of ori- 
gin are closely connected (for a general analysis, see 
Sapir 1958). There are many possible sources of evi- 
dence, but they have to be used with caution. The ques- 
tion of the area of origin of Indo-European languages 
has been studied intensively, and there exist many differ- 
ent hypotheses (Mallory 1989): Northern Europe; Cen- 
tral Europe; the Balkans; a region north of the Black 
Sea, extending to the northern Caucasus and the west- 
ern Asian steppes; Anatolia; and others (fig. 2.6.3). This 
list gives an idea of the difficulty of the problem. 
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Fig. 2.6.3 Postulated areas of origin for Indo- 
European languages (after Mallory 1989, p. 144). 
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Dolgopolsky (1988) favored an Anatolian origin for 
the Indo-European family, on the basis of ancient bor- 
rowings from proto-languages presumed to have been 
spoken near Asia Minor some 10-20 kya: proto-Semitic, 
in the Middle East, and proto-Kartvelian in the southern 
Caucasus. This hypothesis had also been suggested ear- 
lier and independently by many other authors on the ba- 
sis of different considerations (Gamkrelidtze and Ivanov 
1990); Renfrew (1987) has supported it with archaeo- 
logical evidence (see chap. 5), disagreeing with earlier 
archaeological interpretations of the same problem. 

Another contribution worth remembering, among the 
many in existence, is the area of origin of Bantu lan- 
guages. These are spoken today over most of Central 
and South Africa; they are very similar to one another but 


are generally not mutually intelligible. They clearly must 
have evolved recently from a common origin. In contrast 
to earlier hypotheses, Greenberg (1955, 1963) showed 
convincingly that the non-Bantu languages most similar 
to the Bantu ones are spoken today in the area of con- 
fluence of the Benue and Niger rivers, around the bor- 
der between Nigeria and Cameroon, and that the Bantu 
expansion must therefore have had its origin in this re- 
gion. Greenberg’s conclusion agrees with modern infor- 
mation from archaeology and history (chap. 3). Based 
on archaeological considerations, the beginning of the 
spread of Bantu-speaking farmers is located in Cameroon 
and dated at about 3000 years ago or earlier (see 
chap. 3). 


2.7. IMPORTANCE OF EXPANSIONS IN HUMAN EVOLUTION 


2.7.a. EXPANSIONS MAY HAVE PUNCTUATED 
HISTORY OF MODERN HUMANS 


There have been, and still are, considerable individual 
and mass movements in human history. Individual (or lo- 
cal) movement is a major source of genetic and cultural 
exchange between groups, sedentary or not, and causes 
a slow but continuous genetic homogenization of popu- 
lations countering differentiation caused by drift. When 
migration is not reciprocal in geographic direction, as is 
the case with urbanization, admixture is limited to the 
area of in-migration. Many towns and cities attract im- 
migrants from a wide area and are thus complex gene 
pools. Until recently, cities, unlike rural regions, had 
negative net reproduction rates and were not reproduc- 
ing themselves. Urban growth was thus maintained by 
immigration, and urban people typically represent a sam- 
ple of the population of the whole area from which the 
immigrants have originated. 

Migrations are determined by push and pull factors. 
Modern societies are highly sedentary, but migration 
is essentially a movement of individuals and of nu- 
clear families. Pull factors are of an economic or so- 
cial nature. Only in special circumstances such as war 
or famines do life and environment deteriorate to the 
point of acting as push factors. Traditional societies 
may have been forced to abandon their usual living 
place more frequently than modern societies. Many ex- 
amples exist of long-term environmental changes that 
have caused whole populations to migrate: the deser- 
tification of the Sahara, a process continuing for the 
last 4000 years, caused most of its Neolithic inhabi- 
tants to leave for southern regions. In addition to nat- 
ural phenomena, human deeds like invasions, wars, 
and plundering have helped to create hard times for lo- 
cal populations, not infrequently forcing them to leave. 


These events have certainly caused mass migrations, but 
negative push factors are not their only cause: the history 
of the peopling of the earth is not simply a story of 
relocations caused by natural or man-made disasters. The 
growth of a population and its expansion to neighboring 
land must often have occurred under the stimulus of new, 
adaptive cultural developments permitting an increase in 
the carrying capacity of already inhabited lands, or the 
occupation of new regions and niches. The history of 
the peopling of the world must have been punctuated by 
a number of such expansions of which the occupations 
of continents like Europe, Australia, and America are 
outstanding, but not isolated, examples. 

A reasonable scenario for the growth of human pop- 
ulations is that, for long periods, population numbers 
in a given region fluctuated around values not far from, 
but usually below, the limits imposed by the capacity 
to use the natural resources of the area. In other short 
periods there occurred relatively rapid growth and geo- 
graphic expansion, determined by the chances of better 
use of existing resources offered by crucial innovations. 
It is therefore useful to consider the dynamics of such 
expansions, many of which brought people to new envi- 
ronmental niches and new regions and helped to generate 
the fissions that appear in the human evolutionary tree. 


2.7.b. FROM FOOD COLLECTION TO FOOD 
PRODUCTION 


The most important innovation allowing an increase in 
the carrying capacity of the land and the accompanying 
increase in population density was the transition from 
food collection (foraging) to food production through 
plant cultivation and animal breeding (Clark 1965; Harlan 
1971; Flannery 1973; Cohen 1977; Reed 1977; Ammer- 
man and Cavalli-Sforza 1984; Zohary and Hopf 1988). 
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Foraging (hunting, gathering, fishing) was replaced 
very gradually and never abandoned; even now, fishing 
remains an important source of food. Agricultural and 
breeding techniques underwent constant improvements 
over the millennia, and today the Earth can support 
densities several thousand times higher than it did at the 
end of the Paleolithic. Over time, technical improve- 
ments in plant cultivation and animal breeding have 
permitted a continuous increase in population numbers. 
We are presently in a critical period in which most 
populations living on the Earth have very recently de- 
creased their mortality rates, but only those that did 
so earlier have learned to decrease their fertility rates. 
As a result, there is rapid exponential growth in many 
developing countries, leading the world toward demo- 
graphic bankruptcy unless growth can be effectively 
curbed. Demography as a pure science of numbers of 
births, deaths, and populations can hardly explain why 
birth and death rates go up or down, or how they can 
be changed and directed. Historical records show that 
human populations respond rapidly with increased birth 
rates at the end of periods of high death rates resulting 
from epidemics, wars, or perhaps even famines; these 
disasters are relatively common occurrences, and the ap- 
propriate response is likely to be built-in, by genetic or 
cultural mechanisms or both. The response to overcrowd- 
ing by a decrease in birth rates seems to be slower. Un- 
doubtedly, some mechanism regulates population num- 
bers downward when they are too high. Practically no 
human population— with the exception of a few religious 
isolates, which can accomplish the feat only for a short 
time— grows at the maximum rate allowed by human 
physiology. In most traditional societies, the growth rate 
seems to be adjusted to give a slight increase in numbers 
of people or none at all, when the population is near the 
limit of the carrying capacity of the land. When techni- 
cal, economic, or social innovations permit rapid growth 
and local overcrowding is determined, two responses are 
possible: decrease of birth rates, and emigration. Emi- 
gration seems to have been more acceptable for modern 
societies (e.g., Europe after the Renaissance) and also 
for traditional societies. When reasonable opportuni- 
ties for migration are available, it is obviously the im- 
mediately available solution. Reproductive customs are 
deeply rooted and, although their long-term regulation is 
poorly understood, historical experience in certain parts 
of Europe and the present experience in the Third World 
indicate that there is a considerable lag before birth rates 
decrease effectively. When overpopulation can be cured 
by emigration, there is little incentive to stopping local 
growth. Until regions of emigration are saturated, pop- 
ulation growth will continue in the area of origin and in 
those of arrival. The combination of demographic growth 
with spread to other areas by migration is the essence 
of geographic expansions. A built-in mechanism favors 


the continuation of the expansion until total saturation 1s 
reached. 

The availability of food has been the major brake on 
population growth, and its history is therefore essential 
for understanding expansions. It is convenient to con- 
sider four major economic systems, which tended to fol- 
low each other almost regularly, though with occasional 
exceptions in the sequence. The four systems therefore 
tend to correspond to four phases of food economy. 

1. Hunting-gathering. Also called foraging or food 
collection, hunting-gathering was the only source of food 
until the Neolithic. In riverine, lacustrine, and marine 
environments it includes—or may even consist almost 
exclusively of —fishing. Foraging 1s historically the most 
primitive way of obtaining food; contrary to widespread 
beliefs, however, primitiveness of the economy does not 
involve high reproduction rates. Compared with popu- 
lations that live in the same areas and have traditional 
economies but more advanced systems, hunter-gatherers 
have the lowest birth rates. Before the advent of agri- 
culture, populations in most areas had been near satura- 
tion density. Because innovations determining increases 
in the carrying capacity of the land were few and rel- 
atively ineffective, most increases in total population 
were possible only by migration to new areas. Thus, 
in the Paleolithic, local growth must have been fairly 
slow, apart perhaps from periods of expansion. To ob- 
tain slow local growth, populations must have adjusted 
to a net population rate of increase near zero. A typical 
hunter-gatherer woman gives birth about every 4 years 
during her reproductive lifetime (Cavalli-Sforza 1986a), 
producing about five children. The resulting birth rate 
approximately matches their high death rate. Therefore, 
in terms of population growth, hunting-gathering popu- 
lations are practically “stationary,” that 1s, nearly con- 
stant in size. In exceptional conditions, as on the Pacific 
Northwest coast of North America, abundant fish har- 
vests allowed the development of relatively high densi- 
ties. Otherwise, population densities of foragers were, 
and are, mostly in the range of 0.01-0.1 inhabitants per 
square kilometer (Hassan 1975) and are higher in the 
tropics than in the Arctic. 

2. Primitive agriculture. The development of agricul- 
ture is a recent phenomenon in human history, occurring 
entirely in the last 10 ky (the Neolithic, practically co- 
inciding with Holocene; see sec. 2.1). It originated in a 
number of different areas, probably independently and 
under the action of a common stimulus, demographic 
pressure. In the beginning, agriculture was inevitably far 
from modern efficiency, but it did allow—and probably 
stimulated—population growth. Even though it never 
totally replaced the use of traditional sources of food 
obtained from nature, it increased food availability by 
introducing a new source, cultivated plants and animals, 
the abundance of which depended on the quality and 
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quantity of land, as well as on the working capacity and 
ingenuity of the individual. Food production has changed 
the world. 

Even the earliest farming, at least in West and East 
Asia, included domesticated animals. This mixed econ- 
omy was very successful in temperate areas, where it per- 
mitted increases in population density of 5 to 50 times 
that of hunter-gatherers within the first millennium of 
change. Populations that did not change to agriculture, 
but remained foragers, could continue their way of life to 
some extent, and some still do. The formation of a mo- 
saic of food economies was also possible because macro- 
and micro-environments favored by early farmers were 
frequently different from those suitable for foraging. The 
fraction of foragers must have monotonically decreased, 
however, as more and more foragers were absorbed into 
the new society or their land was seized by farmers. 

3. Pastoral nomadism. In other areas where ecological 
conditions did not permit people to obtain adequate sup- 
port from plant breeding, some domesticated animals took 
on unexpected importance. In the grasslands of south- 
eastern Europe and central Asia, pastoral nomadism de- 
veloped into a complex culture. The domestication of the 
horse had a considerable impact on Eurasia, whereas rein- 
deer herding spread widely in the Arctic. Other forms of 
pastoral nomadism (e.g., camel herding) also arose in arid 
regions where they are still of considerable importance. 

4. Complex agricultural systems. Developments in ar- 
eas especially favorable to agriculture led to considerable 
technical sophistication with the introduction of irriga- 
tion, fertilization (from natural sources), plowing, and a 
more and more elaborate and varied set of domesticates. 


Enough food was produced that towns and cities could be 
built, with an early beginning in the Middle East. Given 
the primitive means of transportation, food could not 
come from great distances, limiting the size of commu- 
nities; but cities of 50,000 inhabitants or more developed 
fairly quickly in the Middle East. Civilization (from civi- 
tas, Latin for city) 1s life in cities, etymologically, and the 
increasing needs of social organization made it necessary 
to create social hierarchies and stratifications. Technical 
developments in agriculture took millennia and continue 
today, allowing and causing increases in population den- 
sities up to 1000-—10,000 times Paleolithic levels. 

Agriculture originated independently in many places 
(see fig. 2.7.1), but probably first in the Middle East. 
The beginnings of the agricultural economy in the Middle 
East certainly took a long time and covered a fairly large 
region, the Fertile Crescent, extending from Israel to 
Syria, northern Iraq, and western Iran, with an exten- 
sion to southern Anatolia. The beginnings were certainly 
early and preceded by local development of dependence 
on wild stalks of cereals (e.g., the Natufian culture in 
Israel). It seems a fairly natural development for a popu- 
lation foraging on wild cereals to stabilize fields of wild 
crops by cultivation. A long time was required before the 
agricultural economy was ready to move to other areas; 
it was only when several staple crops (wheat, barley) and 
animals (sheep, goats, cattle) were domesticated that the 
new economic complex could be successfully exported 
to nearby land. This expansion began around 9500 years 
ago and probably took place in all directions starting 
from the Middle East, but the archaeological informa- 
tion is adequate only in Europe. 
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Fig. 2.7.1 Areas of origin of 
agriculture (after Harlan 1971, 
p. 13, fig. 2.1). 
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Fig. 2.7.2 Timing of the expansion of early farming to 
Europe on the basis of radiocarbon dates (in years before 
the present [B.P.]) of archaeological sites (Ammerman 
and Cavalli-Sforza 1984, p. 59, fig. 4.5). 


Figure 2.7.2 shows the times of expansion to Europe 
of agriculture, as measured by the initial appearance of 
wheat, which was first cultivated in the Fertile Crescent 
and was not available as a wild plant outside West Asia, 
with a few, probably insignificant exceptions. The rate 
of spread of wheat farming is very slow, on the aver- 
age (about | km per year), and relatively uniform, with 
a slightly higher rate along the coasts, especially in the 
western Mediterranean, and in the eastern plains of Cen- 
tral Europe, where the diffusion took place along rivers. 


2.7.c. DEMIC EXPANSION OR CULTURAL 
DIFFUSION? 


It is important from a genetic point of view to address 
the question of whether the spread of agriculture was due 
to the farmers themselves or was simply the diffusion of 
a technology. In other words, was it a demic expansion 
of people, the farmers, or a cultural diffusion? The latter 
explanation would be tantamount to a diffusion of tech- 
niques; the expression “stimulus diffusion” is sometimes 
used by anthropologists to refer to an essentially similar 
phenomenon. There had been no serious attempt to ask 
or answer this question, because the trend of explana- 
tions in archaeological circles after World War II was bi- 
ased in favor of cultural diffusion, and when the demic 
model was first put forward (Ammerman and Cavalli- 
Sforza 1973), it encountered very limited favor. The sit- 
uation now seems to be changing, as we will discuss in 
chapters 4 and 5. 

In the case of the expansion of farmers from the 
Middle East, four facts support the demic model. 


1. The expansion of early farming was very slow, grad- 
ual and regular, and therefore more easily compatible 
with an expansion of people than of a technique. 

2. Demographic knowledge of population growth and 
migration of early farmers (mostly from contemporary 
ethnographic observations) allows one to predict rates of 
expansion demonstrating that the diffusion of agriculture 
is compatible with a demic expansion. 

3. From ethnographic observations, hunter-gatherers 
(e.g., African Pygmies) show little tendency to accultur- 
ate when in contact with farmers (Cavalli-Sforza 1986a). 
Some pygmies are now acquiring some simple cultiva- 
tion techniques that are compatible with their nomadic 
way of life, but they rarely adopt a new and complex 
culture unless their habitat is totally destroyed or pro- 
foundly altered. 

4. The study of the modern geographic distribu- 
tion of genes in Europe strongly suggests a diffusion 
from a center of origin in the Middle East, as well 
as other less important migrations (Menozzi et al. 
1978a, b). This pattern agrees with a model of dif- 
fusion of farmers and partial admixture with local 
hunter-gatherers, who were gradually absorbed by the 
much more numerous population of farmers, which 
could grow to higher population densities. In this way, 
a concentric cline of genes of the original farmers’ 
population is created, which decreases with increasing 
distance from the center of origin. The possibility of 
separating such clines by principal-component analy- 
Sis was proved by simulation (Rendine et al. 1986). 
These conclusions were confirmed by other indepen- 
dent approaches; further details are given in chapters 4 
and 5. 


2.7.d. THE WAVE-OF-ADVANCE MODEL 


The kinetics of diffusion of a population from a center 
of origin, leading to the conclusion suggested in point 
2 above is based on a mathematical theory by Fisher on 
the “wave of advance of an advantageous gene” (1937). 
Fisher’s model can be applied to ecology, the diffu- 
sion of animals (Skellam 1951, 1973), and the spread 
of epidemics and rumors (Kendall 1965). A population 
that grows at a constant rate subject to local saturation 
(according to a logistic function as in fig. 2.7.3), and 
spreads at a constant rate of migration, randomly in all 
directions, tends to grow and move away from the center 
at a constant rate of advance or rate of radial diffusion. 
This rate can be calculated from Fisher’s equation, 


r = /(2gm), 


where g is the growth rate (the initial growth rate in 
the logistic curve of population growth), and m is the 
migration rate per unit of time and space. More specific 
definitions are given in Ammermann and Cavalli-Sforza 
(1984). 


(2.7.1) 
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Fig. 2.7.3 The model of demic diffusion called the 
wave of advance. Abscissa, space (assumed unidimen- 
sional for simplicity); ordinate, local population density. 
The various curves indicate different times at regular 
intervals. Arrows indicate the passage of time. (After 
Ammerman and Cavalli-Sforza 1984, p. 69, fig. 5.2.) 


As shown in figure 2.7.2, the spread of agriculture 
proceeded in approximately concentric equidistant cir- 
cles from the area of origin. More accurately, the ex- 
pansion is described by ellipses because of the greater 
rate of advance in the Mediterranean. The distance from 
the area of origin to southern England is about 3500 
km, and it took approximately 3500 years to cover it, 
implying a rate of advance of | km per year. More ac- 
curate estimates, regressing the radiocarbon dates of the 
earliest sites for a total of about 100 sites (Ammerman 
and Cavalli-Sforza 1973, 1984) gave an average estimate 
of 1.1 km/year. Expression (2.7.1) allows one to test 
whether this estimate of the rate of spread of agriculture 
is compatible with the assumption that it is farmers who 
reproduce and migrate, in contrast with the hypothesis 
of cultural diffusion. The curves of figure 2.7.4 show 
the expected rates of advance, given the reproduction 
rate at the beginning of logistic growth (shown on the 
ordinate), and the migration rate shown on the abscissa. 

It is very difficult, if not impossible, to estimate rates 
of population growth and migration from the archaeo- 
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logical record. Ethnographic data, however, show that 
an agricultural population expanding in a practically un- 
inhabited area grows at a rate of 3% per year. The de- 
mographic increases of French Canadians, or of Dutch 
colonists in South Africa, were both approximately a 
multiplication times a factor of 1000 in three centuries, 
practically without later migration. This is also a rate of 
population growth around 3% per year. Birdsell (1957) 
obtained a very similar estimate for two islands; Pitcairn 
and Tristan da Cunha. The curve in figure 2.7.4 shows 
that, for the rate of advance of 1 km per year and a 
growth sa of 3%, the migration rate must have been 
200 km? per generation, which is less than the aver- 
age observed in both modern and traditional agricultural 
populations. If the migration were 10 times as large, a 
value observed in a population of shifting cultivators in 
Ethiopia, the growth rate necessary for the observed rate 
of radial diffusion of 1 km per year would be 10 times 
smaller (0.3%). More details can be found in Ammer- 
man and Cavalli-Sforza (1984). 


2.7.e. VARIETY OF EXPANSIONS 


The great power of expansion under agricultural de- 
velopments is essentially due to the enormous increase 
in ecological carrying capacity; but the spread of agri- 
culture was quite slow, as is expected for a demic dif- 
fusion. A true cultural diffusion could be much faster. 
For example, in the first 1000 years of agriculture, no 
pottery was made in the Middle East. Techniques for 
producing ceramics may have come from the Far East, 
where they were already present several thousand years 
before (see chap. 4) or may have been reinvented locally. 
Agriculture in Greece was initially aceramic. But when 
pottery was first introduced into the Middle East, it 
spread very rapidly to the European areas in which agri- 
culture had previously expanded. From that time onward, 
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pottery diffused with agriculture (although in some cases 
it was acquired by Mesolithics in contact with farmers) 
and became a fairly reliable archaeological marker for 
the presence of farming at a site. Hunter-gatherers have 
limited use for ceramics. African Pygmies do not make 
pottery; they obtain some from local farmers. 

Our understanding of expansions of farming is more 
advanced for Europe, where the archaeological and ge- 
netic records are more complete than for any other conti- 
nent. Archaeological findings, however, show (fig. 2.7.1) 
several other areas of agricultural development, most of 
which were at least somewhat independent from the oth- 
ers, and one may ask about their genetic consequences. 

From the Middle East, agriculture also expanded in 
other directions: toward Africa at about the same time 
or a little later as well as toward the East, (eastern Iran, 
Turkmenia and Central Asia, Afghanistan, Pakistan, In- 
dia). The possible correlations between these expansions 
and the modern distribution of language families are dis- 
cussed in chapter 4. The Sahara was not a desert at the 
time of the spread of agriculture, but farmers could not 
expand southward because cereals could not grow in the 
tropical belt. In chapter 3 we treat more thoroughly the 
local beginnings of agriculture just below the Sahara. 
Farmers speaking Bantu languages probably used cere- 
als developed in the sub-Saharan area and were responsi- 
ble for a major expansion starting from the Benue-Niger 
region, around the border between Cameroon and Nige- 
ria (chap. 3). In perhaps 3000-3500 years Bantus oc- 
cupied the largest part of central, eastern, and southern 
Africa, aided in a second phase by the use of iron tools. 
The maximum distance between the beginning and the 
end of the expansion is 4500-5000 km as the crow flies, 
giving an average rate 30%-—70% higher than that of the 
European expansion. 

Beginnings of agriculture in East Asia involve areas 
in North China, where millet was developed, and South 
China and Southeast Asia, where rice was developed 
(see also chap. 4). The northern and southern Chinese 
centers were probably independent developments. There 
was (and is) considerable genetic difference between the 
two populations, and although genetic information is still 
inadequate, what is available suggests little demographic 
exchange between the northern and southern centers of 
agricultural development in China. Climate and ecolog- 
ical differences may have been an important barrier to 
the exchange of crops cultivated in the north and south, 
and also to farmers. 

In Mexico and in the northwestern part of South 
America, where maize and many other crops were do- 
mesticated, we observe a somewhat different behavior. 
Crops moved north of Mexico only late and then slowly, 
as discussed in chapter 6. There certainly were important 
cultural developments in the Andes, but the fragmen- 
tary nature of the genetic maps makes them of limited 
use in detecting expansions. Genetic drift has been very 


powerful, especially in South America, and considerable 
genetic heterogeneity 1s observed in this continent. 

Agricultural innovations can be expected to have had 
considerable genetic effects because of the large in- 
creases in population numbers they have caused. One 
may also suggest that they expanded more slowly in East 
Asia and the Americas because of the greater ecological 
heterogeneity of these regions. But the development of 
agriculture was not the only cause of expansions. In 
general, one is likely to find some technological inno- 
vations behind every expansion, but without important 
population growth, a detectable genetic correlate of the 
expansion is not likely. Populations that simply move 
from one place to another but do not undergo substantial 
demographic growth tend to change the genetic map 
in a less dramatic way. Events likely to have left more 
profound marks in the synthetic maps of section 2.11 
and subsequent chapters are those in which a population 
genetically different from its neighbors undergoes impor- 
tant demographic growth. This may cause a demographic 
expansion and also eventually tends to freeze further drift 
effects in the group that has increased in size. 

Innovations that involve increased food production are 
the most likely to entail demographic growth. One ma- 
jor innovation subsequent to agriculture that caused dra- 
matic expansions was the domestication of the horse. 
This animal, which was probably domesticated in the 
western Eurasian steppe, was used not only for food but 
also, later, for transportation. This opened up the pos- 
sibility of rapid movement of large population groups. 
As with all animal-breeding economies, a herd can be 
rapidly increased if better grazing grounds are available. 
The human population can then also grow, though not 
as rapidly, to a higher population density. Expansions of 
pastoral nomads may be stimulated in other ways, how- 
ever. Pastoral life leaves much time free for other activi- 
ties, like training for war and defense, and to some extent 
even requires skill in such activities. The long seasonal 
migrations of nomads, often carried out by thousands of 
people, pose logistic problems and defense needs that 
are very similar, or identical to military developments. 
In addition, the horse proved to be the greatest single 
military innovation before gunpowder. 

Means of transportation and inventions of military or 
political importance may all contribute to expansions 
(fig. 2.7.5). If the population expands or moves to an 
area already occupied by earlier settlers, a genetic effect 
will be clearly noticeable, especially if the expanding or 
moving population undergoes substantial demographic 
growth. Sheer increase in mobility is not sufficient. In 
a Europe weakened by the crisis of the Roman Empire, 
the Visigoths rapidly moved from the Ukraine to Ru- 
mania and then to France, Spain, and Africa, but their 
kingdoms probably left few genetic or linguistic traces. 
The barbarian invasions that were responsible for the end 
of the Western Roman Empire probably had little genetic 
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Fig. 2.7.5 A model for the genesis of demic expansions 
(Cavalli-Sforza 1986b, p. 24, fig. 1). 


effect on the genetic structure of European populations. 
Their genetic impact is, however, difficult to distinguish 
from those of other earlier invasions of pastoral nomads 
from the steppes of Central Asia (chaps. 4, 5), since the 
barbarians are likely to have been mostly descendants of 
those same people. 

Pastoral nomads were certainly responsible for a num- 
ber of other expansions. From the western steppes, early 
invasions of Indo-European language speakers were suc- 
cessful in imposing new languages and, to some extent, 
genes, for instance in Iran and India. Later, nomads of 
the eastern Asian steppes expanded westward and south- 
ward in Asia, affecting the genetic picture and, even 
more, the linguistic one by spreading the languages of 
the Turkic subfamily. 

Compared with these late expansions, the earliest one, 
that of Homo sapiens sapiens, 1s certainly poorly known 
but must have been the most important of all. It could 
have been a single episode or many. The occupation of 
continents from Asia took only a short time. We have al- 
ready mentioned that a potential advantage of migrating 
a.m.h. might have been a language more sophisticated 
than that of earlier human types, making communication 
more efficient. Reconnaissance, scouting and search for 
camping sites must have been greatly aided. For the pas- 
sage to Australia, innovations in sea transportation like 
rafts, logs, or boats were necessary (chap. 7) and were 


to more remote areas 


probably also used for spreading along coasts, perhaps 
from Africa eastward along the southern coast of Asia. 

The expansions to Australia and America were pecu- 
liar in that no previous inhabitants were found. In the ar- 
chaeology and modern ethnography of hunter-gatherers, 
the minimum social group is a camp of 10-50 people, 
with an average of around 25-30 (for a summary and ref- 
erences, see Cavalli-Sforza 1986a) but these groups are 
usually exogamous and likely to have been combined 
into larger “tribes” of 300 or more (Wobst 1974). Mod- 
els of budding and movement of the buds can explain 
the rapid occupation of large continents (for Australia, 
Birdsell 1977; for America, Cavalli-Sforza 1986b). Both 
major expansions to Europe, in Neanderthal times and 
at the time of early farmers, moved into areas of much 
lower density, at least in the case of the farming expan- 
sion. A model of movement of immigrants into an area 
more sparsely occupied by earlier residents has been de- 
veloped and tested by a detailed simulation (Rendine et 
al. 1986; see also Ammerman and Cavalli-Sforza 1973, 
1984). There were seven major variables in this simu- 
lation: the logistic growth rates and the saturation den- 
sities of early inhabitants (hunter-gatherers) and immi- 
grants (farmers), the geographic migration rates of both 
groups, and the rate at which hunter-gatherers “accul- 
turated,” that is, joined the farming communities. One 
could envisage more complex acculturation processes, 
but that used in the model is not a true acculturation 
(adoption of agricultural customs by hunter-gatherers); 
it is rather the acceptance of individual hunter-gatherers 
into the farming society, which can generate gene flow. 
Actually, the transition might be more gradual if there 
were a first stage in which agricultural customs are ac- 
quired by hunter-gatherers, making it easier to establish 
a more lively cross-breeding later. 

The expected increase in the population of farmers 
at various distances from the origin is shown in figure 
2.7.3 and follows the predictions of equation (2.7.1). 
The formation of a gradient of gene frequencies similar 
to that observed (see chap. 5) depends especially on two 
critical factors, the ratio of the saturation densities of 
farmers to that of hunters, and the rate of acculturation 
(see also Sgaramella-Zonta and Cavalli-Sforza 1973). 

A summary of some of the most important expansions 
punctuating human development is shown in table 2.7.1. 

The importance of expansions in human evolution is 
further discussed in a paper by the same authors of this 
book in Science 259 (1993): 639-46. 


2.8. EXTENT OF GENETIC VARIATION BY Foqt ANALYSIS 


Here we discuss some simple properties of Fs7, the av- 
erage F'sps observed in our populations, the expected Fst 
distribution in a simple tree and its comparison with the 


observed Fz values of the DNA markers studied in section 
2.4, the distribution of F srs in the 120 non-DNA polymor- 
phisms, and its relevance for the study of natural selection. 
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Table 2.7.1. A Summary of Some Major Human Expansions (modified from Cavalli-Sforza 1986b) (y.a.=years ago; k.y.a.=kilo years ago) 


Period People From To 
Modern Europeans Europe Americas 
Modern Europeans Great Britain Australia 
Historical Greek Greece Central and West 
Mediterranean 
Historical Phoenicians Lebanon West 
Mediterranean 
Prehistorical Bantu- Nigeria — Central and 
speakers Cameroon South Africa 
Prehistorical Nomadic Eurasian Europe, 
steppes South Asia 
Prehistorical Polynesians Samoan distant Pacific 
archipelago islands 
Prehistorical Neolithic Middle East Europe 
farmers 
Prehistorical H. S. Sapiens Northeast Asia America 
Prehistorical H. s. sapiens West Asia Europe 
Prehistorical H. s. sapiens Southeast Asia Australia 


Factors Favoring Expansion 


Technical 
Time Innovations Other Factors 
16th — 20th transatlantic military and colonial 
centuries travel conquest, 
religious persecutions, 
local poverty or famine, 
opportunistic factors 
19th — 20th discovery of 
centuries Australia 
10th — 6th nautical colonization and trade 
centuries B.C. improvements 
9th — 6th nautical colonization and trade 
centuries B.C. improvements 
3 k.y.a. — 0 y.a. agriculture, opportunities for farmers 
iron smelting 


4 k.y.a. — 500 y.a. 


3 k.y.a. — 1 k.y.a. 


horse breeding, 

military and social 
organization 

Pacific navigation 


exploitation of 
farming communities, 
plundering 


10-6 k.y.a. agriculture, expanding and 
boats renewing fields, 
fast population growth 
35 — 10 k.y.a. superior land bridge 
40-35 k.y.a. language ability to cross 
60 — 40 k.y.a. communication sea tracts 


2.8.a. SOME SIMPLE PROPERTIES OF Fs7 


Measuring the variation of gene frequencies poses 
some special statistical problems that we summarize be- 
fore proceeding to an analysis of the data. The standard 
measure of variation in a sample of n observations is the 
variance V, 


V = S(x; -M)*/(n- 1), (2.8.1) 


where S expresses the summation of all individual obser- 
vations x; from x; to x,,, and M is the mean, calculated as 


M = Sx;/n. (2.8.2) 


The variance calculated by equation (2.8.1) is an av- 
erage of the squared deviations from the mean M. Ele- 
mentary statistical knowledge shows that the sum of the 
squared deviations is not divided by n as for the usual 
arithmetic mean, but by (nm — 1) in order to remove a 
bias derived from the use in equation (2.8.1) of M, the 
mean of the sample. 

When we study the genetic variation of the frequen- 
cies of a given gene indifferent populations, the natural 
measurement would therefore be the variance of the 
gene frequencies. If the mean gene frequency is very 


small or very large (close to 0% or 100%), the variance 
of gene frequencies tends to be very small. One cannot 
therefore directly compare variances of gene frequencies 
of different genes without taking into account the mean 
gene frequency. This is one purpose of Fz, which 1s the 
quantity, 


Vp 


ne oe 
ST PUD) 


(2.859) 


where V,, is the variance of gene frequencies, and /P their 
mean (see also table 1.10.1). 

A modified variance, Fsr has several special proper- 
ties. Unlike the variance of usual metric characters, V, 
has an upper limit; it cannot be greater than p(1 — PD). 
Thus, Fst can be considered the proportion of the ob- 
served variance of gene frequencies relative to the max- 
imum value it can take. This also makes the observed 
variance to some extent (but not to all effects) indepen- 
dent of p. Fst varies between the limits of O and 1. 

As explained in section 1.11, the genetic distance 
we employ throughout this book is identical to an Fst 
between two populations, using Pp in the denominator 
as the mean gene frequency of all the populations being 
compared (not that of the two populations) and when the 
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bias introduced by different sample sizes is not taken into 
account. Under these conditions, the Fs; of the group 
of populations being compared is equal to the average 
of all the Fsp’s between the pairs of populations forming 
the group. 

Genetic theory (Wright 1943, 1946, 1951) has shown 
that Fsp can, under certain conditions, be equated to 
an inbreeding coefficient. It also tends to increase with 
the time of isolation between populations in direct pro- 
portion to evolutionary time, and in inverse proportion 
to effective population size. It is therefore of particu- 
lar interest for the study of the evolutionary kinetics of 
diverging populations. 


2.8.b. EFFECTS OF CLUSTERING ON 
Fst VALUES, AND COMPARISON OF 
VARIOUS Fs7 VALUES AT DIFFERENT 
LEVELS OF CLUSTERING 


Values of Fsy are very sensitive to the mode of clus- 
tering of populations (Jorde 1980), and it has been 
shown theoretically that there is a simple relationship 
of Fsy with the degree of clustering, under conditions 
of equilibrium for a stepping-stone model of isolation 
by distance (Cavalli-Sforza and Feldman 1990). Figure 
2.8.1 gives an example. Data on three blood groups 
(ABO, MN, Rh) from 37 villages in the Parma valley in 
Italy were grouped into 11 neighborhoods, which were 
grouped into 4 regions. The Fsyz values obtained at the 
three clustering levels are shown in table 2.8.1. Theory 
has shown that F's can be expected to be approximately 
linearly related to the number of clusters, and table 2.8.1 
confirms this expectation. 


to Parma 


Latitude 


Longitude 


Fig. 2.8.1 Location of 37 villages from the upper 
Parma Valley and different clusterings adopted for com- 
puting the Fs; values given in table 2.8.1 (taken from 
Cavalli-Sforza and Feldman 1990, fig. 3, p. 10). 


Table 2.8.1. Fs7 Values (+ standard errors) Obtained from the 
Three Levels of Clustering Shown in Figure 2.8.1 (from Cavalli- 
Sforza and Feldman 1990) 


No. of No. of Villages Expected Fyr 
Blocks (b) per Block (n) Fst + S.E. for Linearity 
37 1 0.0261 + 0.0059 0.02568 
11 3.6 0.0080 + 0.0019 0.00804 
4 9.2 0.0032 + 0.0013 0.00319 


This possible source of error must be kept in mind 
when comparing Fsrs of different population groups that 
have been clustered in different ways. The difficulty is 
not tied to Fsz itself; any variance measurement is af- 
fected by clustering. In the present case, however, greater 
complexity is generated by the correlations existing be- 
tween the gene frequencies of geographic neighbors. 

The effect of clustering on Fsy for data in this book 
is far less dramatic than in the microgeographic exam- 
ple from Parma, but it is present and should be kept in 
mind. It is unfortunately less easy to study quantitatively 
because it is more difficult to form clusters of regularly 
increasing size. 


2.8.c. THE THEORETICAL DISTRIBUTION OF 
INDIVIDUAL Fs TS, WITH AN APPLICATION 
TO DNA POLYMORPHISMS 


When the variation of gene frequencies is determined 
by drift alone, as happens in neutral evolution, one can 
calculate the expected distribution of Fs rs. It is thus 
possible to test the hypothesis that only neutral variation 
is present, and natural selection is absent. In fact, when 
drift is the only evolutionary force causing population 
divergence, all genes of a given population are affected 
by drift of equal strength, because drift is determined 
entirely by the demographic properties of the population 
(which are the same for all genes) and not, as in natural 
selection, by the nature of the genes themselves. 

When present, natural selection increases Fst above 
that expected under drift alone if fitnesses of geno- 
types differ in different populations (disruptive selec- 
tion), and decrease F'sp in the presence of heterozygous 
advantage (stabilizing selection), provided relative fit- 
nesses of genotypes are constant in different popula- 
tions. If we knew the demographic history of evolving 
H. s. sapiens populations, we could predict the Fsr ex- 
pected under drift alone and recognize genes subject to 
disruptive or stabilizing selection (Cavalli-Sforza 1966). 
Unfortunately, we do not have this information, but we 
can still predict the overall Fsy distribution under neu- 
trality on the basis of certain assumptions. This approach 
was tried on classical human polymorphisms (Lewontin 
and Krakauer 1974), but without taking into account the 
correlations between populations. These are generated 
by the common evolutionary history of populations as 
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described by the tree, and Robertson (1975) showed that 
they must be considered. We now proceed to use tree 
information for evaluating the expected Fz distribution. 

The theoretical distribution of gene frequencies under 
drift alone is known (Kimura 1983). It depends on the 
initial gene frequency, the time since separation of two 
populations, and the effective population size NV... No re- 
ciprocal gene flow is assumed after population fission, a 
reasonable assumption for populations separated by long 
geographic distances. The tree should provide informa- 
tion on the relative values of the times at which popu- 
lations separated. Not knowing Ne, we assume that it is 
the same in the various branches. This assumption is not 
unreasonable because our gene-frequency samples rep- 
resent mostly large populations, but it is truly difficult 
to replace it with realistic estimates, which do not exist. 
Actually, in a slightly more realistic and still extremely 
simple model, populations may slowly double in size 
between one fission and the next; but we are far from 
having reached, in our analysis, a level of precision at 
which this improvement of the model is really meaning- 
ful. Drift was certainly very important when population 
densities were much below those observed today in the 
same regions. Subsequent population growth has largely 
frozen drift effects. Therefore, when we consider large 
regions, the variance of gene frequencies observed today 
has probably been deeply affected by drift, and therefore 
by population sizes, existing until the late Paleolithic or 
early Neolithic. At our level of approximation population 
bottlenecks, even serious ones, do not have a strong ef- 
fect on expectations, provided that they did not last very 
long. A further bias we are ignoring in this simulation is 
the nonrandomness of population splittings (Smouse et 
al. 1981). If it is important at the scale at which we are 
operating, this bias will effect a decrease in the estimate 
of population size obtained by this approach. 

The problem is too complicated for a full analytical 
treatment and we must resort to simulation. Kimura’s 
distribution of drift can be approximated by the 6 dis- 
tribution (as done earlier by Lewontin and Krakauer 
[1974] and by Cavalli-Sforza and Piazza [1975]). The 
B distribution of gene frequencies after a given evo- 
lutionary time depends on the initial gene frequency 
po and the Fsy expected at the end of that time. For 
example, consider the segment leading from the origin 
to the split of the proto-African branch in the tree in 
figure 2.4.4. We take a sample from an appropriate B 
distribution for calculating pa, the gene frequency of 
the proto-African branch at the time it splits into the 
two African populations represented in the tree. This 
split takes place, as shown by the tree, after 80% of 
the total evolutionary time. The constants defining the 
B distribution are the initial gene frequency, which can 
be given any desired value, and the Fstz expected at 
this time, calculated as 80% of the total Fsy, 0.139. A 
slightly better approximation should take account of the 


Proportion of simulated 
F.7 values (%) 


nonlinear relation between Fs and time, but again this 
would be a trivial correction. The two values, po and the 
partial Fs; determine the distribution of gene frequen- 
cies for the evolutionary segment beginning at po and 
leading in the present case to the proto-African fission. 
Let us call p, a random sample from the B distribution 
thus defined. One can similarly calculate the gene fre- 
quencies of the next segments, leading to the two living 
African populations resulting from the splitting of proto- 
Africans. These will be two random samples from a B 
distribution determined by the gene frequency pa, and 
an Fsr equal to 20% of the total. All the gene frequen- 
cies of the other intermediate ancestors and living popu- 
lations descending from them are calculated in a similar 
way. At the completion of one simulated evolutionary 
process, we have the gene frequencies of the five living 
populations, whose Fsr value can then be calculated. 
The simulated evolutionary process is repeated for an 
adequate number of times (100,000 in our case). In this 
way, the expected distribution of Fs; values can be ob- 
tained rather accurately for one particular po value. Be- 
cause of the dependence on po, many po values must be 
tested: we examined the range from po = 1% to 10% in 
increments of 1%, the range from 10% to 90% in incre- 
ments of 5% and from 90% to 99% in increments of 1%; 
a total of 35 distributions, for a total of 35 initial gene- 
frequency values. The results show that the average Fst 
reaches its maximum at 50% and then tends to decrease 
symmetrically as po goes toward the extreme values, at 
first very slowly and then faster as po approaches 0% 
and 100%. At the extremes of the range, Fst = 0. 
Figure 2.8.2 shows the Fs7 distributions generated 
for two po values. The 35 distributions obtained for all 
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Fig. 2.8.2 Examples of Fsy distributions for two different 
initial values of gene frequency po, each obtained by 
100,000 simulations of the evolutionary process by 
random genetic drift. Open circles po = 0.5; closed 
circles, po = 0.1 (from Bowcock et al. 1991). 
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Gene frequency 


Fig. 2.8.3 Simulated distributions for F's; expected in evo- 
lution under drift alone according to the tree in figure 2.4.4 
are shown as percentiles from Ist to 99th. Distributions de- 
pend on their initial gene frequency; the average observed 
gene frequency is given on the abscissa as the estimate of 
the initial gene frequency. Percentiles from the distributions 
calculated for different initial gene frequencies were joined 
to form the percentile curves shown in the figures. Dia- 
monds correspond to observed F's; values for 100 DNA 
markers in five populations, as a function of the average 
gene frequency. The allele frequency nearest to 50% only 
is given for multiallelic markers. When the frequency of 
an allele, P, was greater than 50%, the value 100 — P is 
indicated in the graph (from Bowcock et al. 1991). 


Po values tested were plotted in figure 2.8.3 by giving 
as ordinate values the Fsr cumulative percentile points 
of each distribution (1%, 5%, 10%, etc., to 99%) as a 
function of the po value, which appears on the abscissa. 
Because of the symmetry of the distributions around 
Po = 50%, only the po range 0%-50% is represented. 
Percentile curves seen in figure 2.8.3 were built joining 
the percentile points of the 35 simulated distributions for 
the different initial gene frequencies tested. 

Figure 2.8.3 also shows as diamonds the observed 
Fsry’s for the 100 DNA polymorphisms, using the aver- 
age gene frequency of each gene as the abscissa. The 
initial gene frequency is unknown for the observed data, 
and we replaced it by the average gene frequency. In the 
evolutionary time considered, the initial gene frequency 
is not likely to have changed substantially, considering 
that the size of the world population probably increased 


continuously. For multiallelic genes, only the frequency 
of the allele closest to 50% was shown. All observed val- 
ues were indicated as having an average gene frequency 
Pp less than 50% by converting them to 100 — p when 
greater than 50%. 

This simulation was made for the hypothesis that there 
is no admixture between the branches. We have seen in 
section 2.4, however, that this is not likely, and an al- 
ternative hypothesis assuming admixture between proto- 
Africans and proto-Orientals gave an excellent fit. We 
repeated the simulation for the latter hypothesis, which 
gave a slightly lower variation of Fst (see fig. 2.8.4). 

Both figures 2.8.3 and 2.8.4 seem to indicate a slight 
excess of observed Fsrz values at the high and at the low 
ends, as expected if some genes are exposed to disruptive 
selection and others to stabilizing selection. This indica- 
tion is tested further in figure 2.8.5, where the number 
of genes in each percentile band (0%-1%,1%-5% S5%- 
10%, 10%-20%, etc.) is shown against its expectation. 
If the observed distribution of Fs; values were in com- 
plete agreement with that expected for neutral genes, the 
bar diagram would be completely flat and follow the line 
drawn for an ordinate of one (equality of observed and 
expected numbers of genes). It shows instead a high, 
sharp peak for low F'sy values, and a broader one for high 
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Fig. 2.8.4 Same as in figure 2.8.3, but the simulation 
follows the hypothesis underlying the tree in figure 2.4.7, 
that is, admixture between proto-Africans and proto- 
Orientals. 
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values. The deviation from the expected distribution is 
significant (all values given in Bowcock et al. 1991), in- 
dicating that at least some genes are not neutral. One can 
also estimate the proportion of neutral genes by drawing 
a lower horizontal line and counting how many genes 
must be discarded in each class to obtain a nonsignifi- 
cant y* between observed and expected. The lower, dot- 
ted horizontal line shown in the diagram corresponds to 
the hypothesis that about two-thirds of genes are neutral 
and about one-third are under selection. A few of them 
are under stabilizing selection; many are under disruptive 
selection. 

The hypothesis under which this expected distribution 
is obtained assumes constant population size over time 
and in all branches, with no difference of evolutionary 
rates in different segments of the tree. If this simple hy- 
pothesis is incorrect, the distribution may be different, 
and the number of neutral genes is probably underesti- 
mated when a constant population size is assumed. In 
this case, the proportion of neutral genes is a minimum 
estimate. 

Although we have no information about the possible 
mechanisms of selection in any of these genes, it is of in- 
terest that the four genes in the lowest percentile band of 
Fsy are closely linked with genes that can be suspected 
to be under stabilizing selection (two are near the gene 
for cystic fibrosis and two near that for another reces- 
sive genetic disease, Wilson’s disease). They might have 
borrowed heterosis from these or other very close genes. 
It is more difficult to make suggestions about the genes 


Fig. 2.8.5 Comparison of the observed and 
expected distributions of Fs; values shown in 
figure 2.8.4. If there were no deviation from the 


flat along the upper horizontal line. The number 
of neutral genes that could be accepted on the 
basis of this analysis is that below the lower 
horizontal line, and the numbers of genes above 
it should be affected by stabilizing selection (at 
the extreme left of the figure) or by disruptive 
selection (at the right). 
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showing high Fy values, because their selective behav- 
ior is not investigated. More information about their na- 
ture can be found in Bowcock et al. 1987, 1992. 

We can evaluate the effective population size that 
could generate an average F'sy comparable with that ob- 
served. In independently evolving populations from a 
single origin, without intermigration, Fst is expected to 
increase with time according to 


Fsr = 1 — exp(—t/2N-), (2.8.4) 


where Ne is the effective population size of each pop- 
ulation, and ¢ is the time in generations. Because 100 
ky are equivalent to 4000 generations, for Fsr = 0.139, 
Ne = 13,000, corresponding to a census size of 39,000. 
This is not an estimate for the whole human species, but 
for the average branch of the evolutionary tree, and for 
the initial population of a.m.h., say 100 kya; this size is 
comparable to that of living Primates closest to humans 
(chimpanzees, gorillas). With the passage of time, the 
number of branches increases, and with a constant num- 
ber of individuals per branch, the total population on 
Earth would also increase. Toward the end of growth and 
closer to the present, the number of branches and the to- 
tal population would obviously be much higher than the 
five populations considered in our tree. At the end of the 
Paleolithic, when all the continents were occupied, the 
total population of the Earth was larger than the number 
calculated here for the beginnings of a.m.h. by a factor 
on the order of 100 (see sec. 2.1.e). These numbers 
confirm that, in spite of the many untestable hypotheses 
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underlying these calculations, the overall picture cannot 
be too far from the truth. 


2.8.d. VARIATION OF Fst FOR THE NON-DNA 
POLYMORPHISMS 


In this book, Fsr values for non-DNA_ polymor- 
phisms were calculated in two different ways, which 
are not strictly comparable. (1) Fsr values given in 
the histograms of gene-frequency distributions in gene- 
frequency maps were calculated from the original values 
of individual populations after averaging over popula- 
tions of the same location. The distributions include all 
the gene-frequency values available in the geographic 
region shown in the map, and used for map construction. 
(2) The second means of calculation used the gene fre- 
quencies for the 491 populations listed in Appendixes 2 
and 3; these Fsrs are further illustrated in this paragraph 
and the following paragraphs of the present section. The 
individual values of these Fsrs are given in table 2.12.1, 
with other relevant information (average gene frequen- 
cies and numbers of populations for which the gene- 
frequency estimate was available). The average Fy over 
all 120 genes obtained by this approach is 0.119+0.010. 

There are some discrepancies between the values 
found by the two approaches; usually values calculated 
by the first method tend to be larger than those by the sec- 
ond. In part, this is due to differences between the geo- 
graphic regions used for calculations in the two methods. 
For instance, the Fszs calculated for Africa in the gene- 
frequency maps also include North Africans, whereas 
values calculated for Africa from the 491 populations 
include only sub-Saharan Africans. The average over 
genes for Africa by the first approach is 0.068 + 0.011, 
not surprisingly higher than that for the sub-Saharan 
Africans included in the 491 populations (0.035+0.005). 
Even when the comparison is made between data from 
exactly the same region (e.g., for Europe), one does not 
find the same value, given the difference in the level of 
clustering in the two sets of calculations. 

We note first that the Fs; (worldwide) averaged over 
all genes for DNA (0.139 + 0.010) differs little from 
the Fs; averaged over F'sps of non-DNA polymorphisms 
(0.119 + 0.010). The latter value is calculated from the 
Fsy values of individual genes given in table 2.12.1. The 
difference is not significant when tested on the basis of 
observed standard errors. 

The problem of the distribution of Fsys for individual 
genes, and its comparison with that for selectively neu- 
tral genes, was attacked by the same method used for 
the 5-population tree and the DNA markers, but using 
the 42-population tree. 

A simulation comparable to that for the DNA mark- 
ers (fig. 2.8.3) has been constructed for the tree with 
42 populations, and 120 non-DNA markers used in 
section 2.3 (fig. 2.8.6). Clearly, some polymorphisms 
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Fig. 2.8.6 Dots indicate Fs; values of 120 non-DNA 
polymorphisms among the 491 world populations given 
in Appendixes 2 and 3, versus the corresponding average 
gene frequencies shown on the abscissa. Curves corre- 
spond to the percentages of simulated distributions of 
Fsrs for a tree (as in Cavalli-Sforza et al. 1988), resulting 
in Fs; = 0.119 at the end of the evolutionary process, as 
observed for these genes. 


have very high Fsz values, indicative of disruptive selec- 
tion. 

The comparison of expected and observed Fsz dis- 
tributions for non-DNA polymorphisms (similar to the 
comparison in fig. 2.8.5) shows an excess at the upper 
and lower end of Fst values. In addition, there is a hump 
to the right of center, which is more difficult to interpret. 
The sources of data are not entirely satisfactory, however, 
in that genes do not have a homogeneous distribution in 
the different areas, and many genes are represented in 
only a fraction of the 491 populations. The number of 
populations for which data for each gene are available 
are shown in table 2.12.1. Given these limitations of 
the data, we comment only on the genes showing ex- 
tremely high or low Fsys. Numerical values, including 
their percentile can be found in table 2.12.1. 

Few, if any, markers show a low Fsrz: HP*I/S (hap- 
toglobin allele; but HP*/ is relatively high); ALPP*S/ 
(alkaline placental phosphatase); GC *2 (group specific 
component or vitamin-D-binding protein); RH *cDE, and 
PGM1*!1 (phospho-gluco-mutase). These may show sta- 
bilizing selection. Genes for which there are potential 
explanations of their world variation are discussed in 
section 2.10. y 

The marker showing the highest variation at the 
world level is FY*0, which confers resistance to a ma- 
larial parasite (see sec. 2.10). Evidence of disruptive se- 
lection for Duffy (FY) seems indisputable. The two 
other alleles at this locus, FY*A and FY*B, are also 
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higher than average, but this results in part from their 
correlation with FY*0. 

A system showing high values of Fz is 
GM(IGHGI!G3), the immunoglobulin-G family of 
genes. The highest variation is shown by haplotype 
fa;b0b1b3b4b5, followed by za;b0b1b3b4b5, 
f;b0b1b3b4b5, za;g, za;b0sb3b5. Again because 
of the internal correlations between alleles or haplotypes 
it is difficult to see, on the basis of these data alone, 
whether some of these haplotypes showing lower Fsts 
owe their Fsyp to a direct effect of disruptive selection, 
or if they borrow it from those having higher Fsrs. It 
seems clear, however, that strong disruptive selection is 
present. 

Two alleles of RH ,cDe (very frequent in Africa, rare 
elsewhere) and CDe (omnipresent) show relatively high 
variation. Although it does not seem likely, the mecha- 
nism of selection of maternal-fetal incompatibility known 
for this system may be responsible for this finding. 

G6PD (glucose-6 phosphodehydrogenase) deficiency 
has a high Fsp with a low overall gene frequency. The 
evidence in favor of disruptive selection as a result of 
malaria is clear for this gene. 

Other markers that stand out as having high F'sy values 
are SOD] */] (superoxide dismutase 1), PEPA*/ (pepti- 
dase Al), SY (allele of the MNS system), JS*A (KELL 
blood group), AG*X (lipoprotein), ACP/ *B (acid phos- 
phatase), and HLAB*22. 

This test would not detect a combination of disruptive 
and stabilizing selection—as might occur if a heterotic 
system showed a different ratio among the fitnesses of the 
homozygotes in different parts of the world—in which the 
two opposite selection patterns approximately balanced 
each other. We attempt to consider some related complica- 
tions at the end of this section. The test could be strength- 
ened if effective population sizes were known with some 
accuracy, because the average F's could then be predicted. 
We do not have reliable demographic information of this 
nature. We can only state that the order of magnitude of 
N, calculated from observed Fs7s seems acceptable. 

Geographic maps (sec. 2.10 and later chapters) con- 
firm that markers with high Fs; show considerable local 
variation of gene frequencies in some areas, totally out 
of proportion to those seen for other genes in the same 
areas. This tends to exclude the idea that drift is the only 
cause of variation for these polymorphisms. 


2.8.e. AVERAGING Fs7 VALUES OVER ALL 
THE GENES IN THE WORLD AND OVER MAJOR 
REGIONS 


The world genetic variation expressed by Fy, aver- 
aged over the 122 (see table 2.12.1) classical genetic 
markers studied in this book, as we said, is such that 
the variance of these gene frequencies is about 12% of 
its potential maximum. Variation was calculated among 


the 491 populations defined in chapter | and Appendixes 
2 and 3, and for some selected subregions. Gene fre- 
quencies, however, are not always available, or not in 
sufficient numbers for all subregions, so that results are 
uncertain in some cases. 

All subregions were found, not surprisingly, to have 
Fsys smaller than the world Fs;, an inevitable conse- 
quence of the existence of a strong positive correlation 
between the gene frequencies of geographic neighbors 
(as discussed in the next section). 

1. America shows the greatest variation (0.070 + 
0.005), partly because it hosts several different ethnic 
groups (like Eskimo, the associated Na-Dene, and other 
Amerindians), but mostly because of the high varia- 
tion found in South America (0.059 + 0.006), where the 
greatest heterogeneity is observed. 

2. The heterogeneity of Caucasoids, as a group em- 
bracing Europe, West Asia, India, and North Africa is 
next (0.043 + 0.005), mostly because of the consider- 
able variation among extra-European Caucasoids. Eu- 
rope, by contrast, is the most homogeneous continent 
(0.016 + 0.002). 

3. Australia (0.019 + 0.004), New Guinea (0.039 + 
0.007) and sub-Saharan Africa (0.035 + 0.005) are inter- 
mediate, but Polynesia is more heterogeneous (0.049 + 
0.007), mostly because of extreme drift caused by the 
small size of the islands, as shown in chapter 7. 

An approach that can further support indications of 
disruptive or stabilizing selection, or both, is the repro- 
ducibility of the behavior of Fsr in different regions. 
Data are insufficient to give firm conclusions, but the 
problem is sufficiently important that it is worth an ap- 
proximate analysis. Table 2.8.2 shows high and low val- 
ues of Fsr in seven regions, chosen for relative ethnic 
homogeneity and abundance of data. Only Fsyz values 
definitely above the local mean (at least twice as high) 
or definitely below it (at most half as high) are shown 
in the table; the latter are marked by an asterisk. The 
corresponding mean gene frequency is also indicated, 
given that Fst depends on it, and is progressively lower 
as gene frequencies approach 0% and 100%, especially 
in the 0O%—-10% and 90%-100% ranges. 

We limit our discussion to genes for which there are 
abnormal results in more than one region. When data are 
available for several regions but values are abnormal in 
only one it is more likely that the result is due to chance. 
The majority of genes do not appear in this table, because 
their Fsp values are not sufficiently removed from the 
local averages. The mere fact that numerical values for 
a gene tend to recur in the table in different regions is an 
indication that the gene has an abnormal Fsz behavior. 
The indication that a given type of selection is operating 
is clearly stronger if a given gene has values all or most 
below normal (or above normal), but some genes may 
be under both disruptive and stabilizing selection, one 
or the other type being dominant in specific regions. 
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Table 2.8.2. Fs7 Values (x 1000) and Average Gene Frequencies (x 100, in parentheses) in Seven World Regions. 
Only Values Definitely Above the Local Mean or Definitely Below It (the latter marked by asterisks) Are Shown. 
Empty Spaces Indicate That Alleles Were Not Present or That Data Were Not Available 


Loci 
ABO 


ACP! 


ALPP 


BF 
C3 

ESD 
FUT2(SE) 
PY 


GC 


GLO? 
GPT 
HLAA 


HLAB 


HP 
IGHG1G3 


JK 


KEL 


KM 
LU 


Alleles or 
Haplotypes 


1 

2 

9 

11 
28 
29 
31 
32 
33 
5 

13 
14 
16 
18 
22 
af 


1 


fa;b0b1b3b4b5 
f-b0b1b3b4b5 
za;b0b1b3b4b5 
Za;bOsb3b5 
2a;9 

Zax;9 


Sub-Saharan East 


Africa Asia 
*10(69) *6(55) 
*8(14) *9(20) 
*10(22) 
69(56) 
322(93) 
102(61) 58(8) 
232(36) 
92(55) 
*3(27) 
*10(31) 
*10(84) *8(57) 
82(2) 
*9(16) *9(26) 
*6(12) 
*6(9) 
71(49) 
40(3) 
41(2) 
*6(3) 
6(6) 
*6(24) 
111(0.9) 
147(75) 
187(10) 
65(3) 
30(0.9) *9(16) 
111(67) *7(64) 
25(1) 
*7(30) 


Southeast 


Asia 


*12(17) 


100(33) 


34(0.8) 


*9(8) 


78(79) 


67(2) 


Asia 
(India) 


*10(58) 
*7(19) 
*9(23) 


*2(72) 


202(5) 


27(18) 
73(47) 


54(1) 


Europe 


*2(65) 
*3(1) 
*1(20) 


21(41) 


*3(29) 
*4(11) 


*3(4) 


26(7) 


36(0.9) 


23(71) 


21(8) 


*3(5) 


South 
America 


300(93) 


146(21) 


124(14) 


152(13) 


116(17) 


91(1) 


131(6) 


190(5) 
56(0.7) 


148(42) 


New 
Guinea 


*16(22) 


190(70) 


114(73) 


51(2) 
210(66) 
275(15) 

24(0.9) 


112(3) 


66(1) 
282(17) 
*42(6) 


*19(70) 


265(47) 


285(32) 


(continued) 
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Table 2.8.2 (continued) 


MNS M *10(46) 
S 86(23) 
Su 132(12) 

P1 1 

PEPA 1 

PGM1 1 *9(78) 

PGD A 
C 

PI F 
M 

RH CDE 54(6) 
CDe *7(61) 
CoE 
Cde 
cDe 
cde 

TF D 

Mean Fs7 34.7 25.1 


In most regions, ABO shows a tendency toward a 
relatively low Fs;y. However, there are other indications, 
from correlations with infectious diseases, that it may be 
subject to disruptive selection. Both stabilizing and dis- 
ruptive selection are probably present, but the stabilizing 
tendency dominates, except in America where this sys- 
tem has become largely monomorphic (see sec. 2.10). 

Antitrypsin shows disruptive selection, especially for 
allele P/*F, in two of five regions for which data are 
available. 

Duffy shows highly disruptive selection, not only be- 
cause of the FY*0 allele in Africa (where it has a sub- 
stantial advantage in certain malarial regions), but also 
because of alleles FY*A and FY*B. This is more clearly 
visible in areas where there is no FY*0 allele and there- 
fore no indirect effect from it because of the negative 
correlation between alleles. 

GPT*I shows variable behavior. 

In one region, GC *2 shows both stability and excess 
variation of GC*J/F. It is possible that disruptive selec- 
tion affects only the two suballeles of GC */ , but basic 
stabilizing selection affects GC*/ and GC*2. 

The HLA supergene shows mostly stabilizing selection 
for major alleles like A*2 and perhaps A*9 and A*28, 
and mostly disruptive selection for some other alleles 
listed in the table. Again, the existence of stabilizing 
selection in some regions and disruptive selection in oth- 
ers iS not surprising, given that the factors determining 
variable selection may not be present in all regions. 

Immunoglobulins (JGHG/G3) show almost exclu- 
sively disruptive selection, of an intensity second only 
to Duffy. 

Haptoglobin may be under stabilizing selection at least 
in some regions, but results from world data show that 
there may be also disruptive selection. 


*3(57) 


16(0.1) 


309(90) 53(99) 


54(96) 
185(1) 


21(0.8) 58(1) 


24(9) 
60(0.2) 
29(0.9) 148(2)  148(25) 
34.9 27.6 16.4 58.9 39.1 


Kidd (JK) and Kell (K) show both stabilizing and 
disruptive selection. The same is true of MNS. 

Among enzymes other than those already discussed 
PEPA shows disruptive selection, whereas others seem 
to be under stabilizing selection, observed, however, in 
only one region. 

RH does not show clear selective effects, at least by 
this approach. 

Secretor (SE +) seems to be under substantial disrup- 
tive selection in several regions, and the same is true of 
Transferrin D (TF *D). 

Considering the total number of regions and alleles 
tested, the deviations from neutrality of classical mark- 
ers detected by this test are not overwhelming. Results 
confirm the main observations already made at the world 
level, showing that Duffy and immunoglobulins are cer- 
tainly subject to the strongest disruptive selection. Among 
blood groups, ABO seems mostly under stabilizing pres- 
sure, and toa lesser extent this may be true of the MN poly- 
morphism. More observations are needed for enzymes that 
gave similar indications. This statistical analysis should be 
considered preliminary, but comparing F's behavior in dif- 
ferent regions seems useful. This comparison apparently 
supports, at least in a qualitative fashion, the hypothesis that 
some genes are under stabilizing selection in some areas and 
disruptive selection in others. The simplest formal expla- 
nation for the coexistence of both types of selection is that 
the fitnesses of the two homozygotes, relative to that of the 
heterozygote, may be different in various environments. 


2.8.f. POSSIBLE EFFECTS OF NATURAL 
SELECTION ON TREE RECONSTRUCTION 


As was already clear to Darwin, neutral characters are 
best for reconstructing evolutionary history. From the 
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above analysis, it would appear that most of the genes 
used by us for tree analysis are neutral, but there is some 
evidence of natural selection, especially of the disruptive 
type. For purposes of tree reconstruction, the nature of 
disruptive selection is important. If many genes showed 
intercorrelated responses to the various environments in 
which human evolution has occurred, then the tree might 
be distorted and would represent similarities in environ- 
ments rather than evolutionary history. This phenomenon 
is likely to be especially important when analyzing poly- 
genic traits; most anthropometric characters like stature 
and other body measurements are probably polygenic. 
Natural selection in favor of a specific phenotype in cer- 
tain environments would bias the tree toward showing 
similarities of the environments affecting the phenotype. 
We have seen that adaptation of anthropometric traits to 
climatic conditions probably explains the discrepancy be- 
tween trees obtained with anthropometrics and with gene 
frequencies (sec. 2.2). 

If, however, natural selection varies more randomly 
with geographic environments, as in the evolutionary 
model described by Crow and Kimura (1970) as “‘selec- 
tive drift,” then the effect on tree distortion could be 
minimal or nonexistent. The same may be true of sets of 
genes whose selective coefficients are constant over time 
and space but are not correlated in their responses to dif- 
ferent environments, so that each is selected differently 
from the others. If all genes respond to the same envi- 


ronmental stimulus, but the same stimulus has differ- 
ent intensity in different places, this would endanger the 
validity of tree reconstruction. Examples are genes con- 
ferring resistance to malaria and, in particular, to the 
most lethal malarial parasite, Plasmodium falciparum. 
For this reason, genes that cause sickle-cell anemia, thal- 
assemia, and G6PD-deficiency have not been consid- 
ered for tree reconstruction. It might be argued that, for 
reasons not completely understood, these genes almost 
never spread to the whole area where malaria is endemic 


_and are therefore less misleading than might be feared. 


We have included FY*O in our analysis, however, which 
also confers resistance to malaria, but to a milder para- 
site, Plasmodium vivax, which for one reason or another 
is now rare where FY*O is found. 

Some genes confer resistance or susceptibility to infec- 
tions in which antigens change rapidly, for instance, in 
viral diseases and probably in many bacterial and some 
parasitic diseases as well. Immunoglobulins and HLA 
genes determine responses to pathogens that are likely 
to fall in this category and probably have irregular geo- 
graphic distributions that may change over time. Their 
selective pattern may be closer to the model of selective 
drift (see Crow and Kimura 1970) and similar to drift 
resulting from finite population size. If this is true, then 
conclusions about evolutionary history are not severely 
affected. It is important, however, to keep these possible 
limitations in mind. 


2.9. GENETIC VARIATION AND GEOGRAPHIC DISTANCE 


Moving around is an important part of human activity. 
Whether in search of food, a mate, work, or entertain- 
ment, moving occupies a fair fraction of the day for most 
people. Until 150 years ago, most movements covered 
short distances, and only rarely did people venture out of 
the short range in which daily movement took place. Re- 
cent advances in means of travel have changed this cus- 
tom to some extent. The distance between birthplaces of 
spouses has also increased considerably in the last 150 
years, on the average, and Dahlberg (1943, 1947) has 
referred to this change as the breakdown of isolates, al- 
though it would be more accurate to refer to it as the 
widening of isolates. 

Even though marriage within the social group (how- 
ever defined) is the rule, in practically every part of 
the world, marriages with neighbors from other groups 
always occur, at a frequency dictated by customs and op- 
portunities. This exogamy in a limited geographic range 
is sufficiently common that it has generated a very signif- 
icant genetic similarity between geographic neighbors. 
Under this regime of ever-present short-range migration, 
new genes can spread over generations at a rate that de- 
pends on the intensity and range of this migration. The 


genetic expectations have been formalized in the theo- 
ries of isolation by distance and the stepping-stone mod- 
els (see sec. 1.16), showing that a regular decrease of 
genetic similarity with increasing distance is generated 
(Malécot 1950, Malécot 1969, Kimura and Weiss 1964). 
Application of these theoretical models by Morton and 
other geneticists to a number of real situations confirmed 
the general theory but was always limited to short ranges. 

We prefer to use a special version of the original 
theory, which eliminates some uncertainties by using 
the variogram, which we define as the plot of genetic 
distance versus geographic distance. We have discussed 
the specific expectations in section 1.16, and we apply 
them here to the data of classical polymorphisms. In the 
gene maps found in the second part of the volume, we 
give the variogram of that gene in the region shown in 
the map, whenever data seem abundant enough. Individ- 
ual variograms vary widely, for reasons discussed later, 
but in general there is widespread agreement showing 
that most genes exhibit an increase in genetic distance 
with geographic distance, even if in a capricious way, 
especially when data are sparse. The variograms are 
not expected to be monotonic when the gene-frequency 
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surface has marked peaks and troughs; in fact, maxima 
and minima of the variogram are determined by these 
peaks and troughs. When data from many genes are av- 
eraged, regularity increases and observed curves tend to 
a common shape that corresponds reasonably well with 
that expected at equilibrium for drift: an initial strong 
increase followed by a progressive flattening out of the 
curve. At long distances, the curve becomes—or tends to 
become—horizontal, forming an upper asymptote. Fig- 
ure 2.9.1 shows the fitted theoretical curves of the world 
and of the continents, with the curves of Australia and 
New Guinea shown individually. The quantity used as the 
ordinate is Fsz for all pairs of populations, which intro- 
duces a standardization for different genes. Figure 2.9.2 
also shows median values of real data for each curve. The 
fit is not very good at large distances, but the variation of 
the data is large, as the variograms of individual genes in 
the maps at the end of the volume show clearly. Medians 
were used because they are more robust than arithmetic 
means. The distributions of Fsrs are highly asymmet- 
ric (sec. 2.8) and therefore medians are systematically 
smaller than arithmetic means, a fact to be considered 
for comparison with other methods of estimation. 

The theoretical curve is determined by two parame- 
ters, the initial slope S and the horizontal asymptote H. 
Rewriting equations (1.16.7) and (1.16.8) makes it eas- 
ier to see their dependence on two constants A and B of 
genetic interest; 


S = 1/(4A + B) (2.9.1) 
and 

H = B/(4A+B) (2.9.2) 
with 

A= mD (2.9.3) 

B= /(m/2M), (2.9.4) 


Fig. 2.9.1 The relationship 
between genetic distance (or- 
dinate) and geographic distance 
(abscissa) expressed by the vario- 
gram for the world and continents 
or parts of them. 


where m is the short-range migration, expressed as vari- 
ance of the distance between the birthplace of parent and 
progeny, and therefore in units of the squared distance 
(squared miles). M is a number incorporating mutation, 
heterosis, and long-range migration; it is expressed in 
the same time unit as m (year or generation). D is (ef- 
fective) population density, or about one-third of the real 
density. Because we employed a continuous and unidi- 
mensional model of isolation by distance, D is expressed 
in miles‘ '). There are difficulties in relating this mea- 
sure to standard population density, which is expressed 
per mile or kilometer squared. 

Estimates of A and B can be obtained from the pa- 
rameters of the fitted curves, H and S, using 


B=H/S, A= (\/S — B)/4. (2.9.5) 


Parameter B is the distance (in miles) at which 
the exponent of equation (1.16.5) is unity, and Fsqz 
genetic distance therefore takes a constant value: 
0.63/[1 + 4D /(2mM)]. It might be useful for com- 
paring geographic distances having a specific genetic 
effect. 

The parameter A would be more useful if turned 
into the equivalent Nm of the discontinuous settlement 
model. Additional information would be necessary for 
this, and for estimating M from B and the variance, 
m, of the distribution of distances between parents and 
childrens’ birthplaces, which is known in only a few in- 
stances and varies considerably from case to case. It was 
estimated to be between 100 and 1000 square miles per 
generation for early Neolithic (Ammerman et al. 1976), 
a range sufficiently wide that it may be valid also for the 
Paleolithic. The density D is even more difficult to eval- 
uate since it is given for a unidimensional distribution. It 
may be of order one or lower for the late Paleolithic. It is 
clear that, in the absence or inadequacy of this auxiliary 
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Fig. 2.9.2 Variograms of each continent or region: observed values and theoretical curve. The abscissa is the 
geographic distance (in miles), and the ordinate is the genetic distance. 


information, only orders of magnitudes can be assessed 
and accepted with caution. 

Table 2.9.1 shows the values of the initial slope and 
asymptote and the derived genetic quantities for the 
world, the continents, or parts of them. The B values 
show modest variation for Australia, New Guinea (the 
smallest), and the Americas; somewhat higher values 


for sub-Saharan Africa and Europe, and the highest for 
Asia. Not too surprisingly, the world value is dominated 
by the Asian component. Asia, the largest continent, 
must be farthest from equilibrium, which in any case 
could hardly have been reached even in the smallest 
region, New Guinea. The order of magnitude of B is 
especially influenced by the initial slope and not by the 
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Table 2.9.1. Parameters’ of the Curves Fitted in Figure 2.9.1 and 
Calculations of Genetic Parameters 


LL 5 SS 
Parameters of the Genetic 
Variogram Parameters 


Initial Slope S_ = Asymptote H A=mD B=(m/2M)1/2 


In the geographic gene maps that form the second half 
of this volume, variograms are given for each gene and 
region. The curve interpolated in each variogram is ob- 
tained by a procedure (see sec. 1.16) similar to the well- 
known moving-averages method using median values of 
the variograms. Medians were calculated after grouping 
genetic distances of all population pairs into classes of 


My a : es ee geographic distances at 200-mile intervals. When data 
Europe 0.0000120 0.0120 20.583 1000 points were scarce, the number of observations for many 
America 0.0000932 0.0315 2598 338 distance classes were inadequate, and no median was cal- 
Australia 0.0000865 0.0297 2805 343 culated for them. When points for calculating variogram 
New Guinea —_0.0000919 0.0240 2655 261 curves were too few, the variogram was omitted from 
World __0.0000101_— 0.0440 23,863 4356_—=SS «the gene maps. 


“Numerical values of constants calculated from the observed data with the 
theory indicated in the text. 


asymptote, which is probably most poorly estimated for 
Asia and the world. These are most likely to be farthest 
away from equilibrium. Values for Australia, the Amer- 
icas, and New Guinea are likely to be reasonably repre- 
sentative of the Paleolithic and early Neolithic. Taking 
B = 300 miles for such periods, and m = 100 — 1000 
squared miles, M is on the order of 1/200 to 1/2000. 

Values of A are very similar for Australia, the Ameri- 
cas, and New Guinea, highest for Europe and Asia, and 
intermediate for Africa. If division by m is adequate to 
transform A into D, this value would be between 3 and 
30 for the Americas, Australia, and New Guinea, and 
higher for Africa, Europe, and Asia. 

In conclusion, the variogram seems in general more 
attractive and shows a reasonably good fit to the data. 
We can conclude that the isolation-by-distance models 
hold for long distances as well as for short distances, 
and for large regions as well as for small and relatively 
isolated populations, such as those examined before. Our 
estimations of Nm are, however, tentative, like all the 
other ones found in the literature. 


Unlike the fitting procedure used in figure 2.9.1, the 
curves are not forced to pass through the origin, and 
the initial slopes are therefore much flatter than in figure 
2.9.1. When there are too few points—and in some other 
circumstances —the initial slopes can be negative. This 
may happen especially if local genetic variation is high, 
that is, if many population pairs are very close geo- 
graphically but genetically heterogeneous. When single 
genes are analyzed, erratic behavior of some variograms 
is unavoidable; and, in the process of averaging over 
many genes, the irregularities tend to disappear. 

The slope of the initial linear segment was evaluated 
in order to compare different genes. The initial segment 
of the curve seems approximately linear in most cases 
for the first 500 or 1000 miles, or occasionally more 
(the length of the initial linear portion of the slope may, 
however, be in part an artifact of the moving averages 
method). 

Table 2.9.2 shows the arithmetic mean (+ standard 
error) and the median of the initial slopes for the vari- 
ous continents or regions, calculated from the individual 
variograms. The distributions have an excess of extreme 
values, and calculation of the medians offers a fairly 
robust procedure for their elimination. In a distribution 


Table 2.9.2. Initial Slope of the Variograms for Six Regions and the World: Comparison 


of Two Methods of Calculation 
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Averaging Values of Curves of 
No. Individual Variograms Figure 2.9.1 
Polymorphic Intercept Intercept 
Alleles Meant S.E. Medians notallowed allowed 
Africa 82 8.6+ 2.6 4.7 25.5 9.1 
Asia 97 13.62 2.7 ri 11.0 7.3 
Europe 96 10:32 3.7 4.3 12.0 12.0 
America 65 11.7+ 2.4 6.8 93 
Australia 17 19.9+10.3 21.0 87 63 
New Guinea 33 70.9 +32.6 24.1 92 
World 112 10.3+ 1.0 6.6 10.0 9.4 


Note.— The arithmetic means (+ standard errors) and medians of the values are obtained from the 
variograms of individual genes, and the initial slopes of the curves shown in Figure 2.9.1 are 
calculated with and without intercept. All values x 106 
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of this type, however, medians tend to be smaller than 
averages, aS 1S seen here. 

The table includes also the initial slopes of the curves 
calculated in figure 2.9.1 for whole continents, and those 
averaged from the individual variograms. The latter are 
regularly smaller for a good reason: in figure 2.9.1, as al- 
ready mentioned, the curve is forced to pass through the 
origin. This is not the case in the individual variograms, 
in which, whenever acceptable, a straight line is forced 
to go through all points except the first, (i.e., for distance 
zero). This generates a systematic difference between the 
measurements, whereby the initial slopes calculated from 
the variograms are expected and found to be smaller. 

One can relax the constraint that the curves in fig- 
ure 2.9.1 must pass through the origin by interpolating 
a curve with three parameters: an intercept on the y- 
axis at the origin, and the other two constants already 
described. This procedure did not always converge to 
finite values, but it did provide statistically meaningful 
estimates in five of seven cases. Allowing for an inter- 
cept at the origin is reasonable, since all the differences 
between gene frequencies of population pairs include a 
sampling variance that inflates the variogram. In theory 
this could be estimated on the basis of the number of 
individuals in each population sample, but there are cer- 
tainly other sources of error variance beyond sampling. 
The intercept thus calculated is not trivial; it is on the 
average, 15% of the asymptote. The initial slopes from 
the curves of figure 2.9.1 are given in table 2.9.2 before 
and after correction for the intercept. Correction some- 
what improves the agreement with the data obtained by 
averaging the individual variogram slopes, but some 1m- 
portant discrepancies remain. 

The major discrepancy between the two data sets is 
that the initial slope is highest in the first set for New 


2.10. MAPS OF SINGLE GENES 


World gene-frequency maps for 90 genes are in the 
second part of the book. For genes that have little geo- 
graphic variation, or are polymorphic in only a small 
part of the world, no world maps were made. The con- 
struction of gene-frequency maps has been explained in 
section 1.14, where we have also explained the symbols 
used in the maps. 

Gene-frequency maps are of interest for several rea- 
sons; we have already mentioned that they may per- 
mit visual detection or numerical calculation of cor- 
relations with possible factors of natural selection for 
which we know the geographic distribution. Naturally, 
the existence of a correlation at the geographic level 
is only a cue, which must be pursued with further re- 
search at the individual level; it is well known that 
correlations between two phenomena in space (or in 


Guinea, and in the second for the Americas, Australia, 
and New Guinea. Even though we have no simple ex- 
planation for this discrepancy, and despite the rather 
erratic behavior of several individual variograms, inter- 
esting regularities are observed. The aim of the exercise 
was to test the variation in geographic behavior of differ- 
ent genes, as indicated by the initial slopes. Geographic 
mobility determining the slopes of genetic variation 
with distance should be a property of the individual, 
and hence should be the same for all genes. Other 
factors—for example, different selective effects — might, 
however, be idiosyncratic to each gene. The variation 
between genes has usually not been examined in pub- 
lished research on the correlation of genetic kinship and 
distance (Morton et al. 1982), but it is important to eval- 
uate it. Given the differences between variograms of 
individual genes in different regions, we have averaged 
the initial slopes of all alleles at a locus or cluster of 
loci and limited the analysis to major multiallelic loci 
for which information was available in several regions. 
Medians were calculated for all alleles or haplotypes of 
each system. The median initial slopes were (x 10°): 


ABO 4.15 HLAA = Be, 
MNS 4.25 HLAB 6.78 
RH 4.58 GM 11.43. 


Despite not having the standard errors of these val- 
ues, which would be of limited use with the skew dis- 
tributions involved, it seems reasonable to conclude that 
GM has a higher variation with geographic distance than 
the other genetic systems. It is likely that the behavior 
of GM derives from variation at the geographic level of 
the selective factors affecting this system, as we have al- 
ready hypothesized for explaining the interregional vari- 
ation of Fst for GM (sec. 2.8). 


time) could be generated trivially by other common 
causes. The classic, nontrivial example that we have 
already briefly mentioned is the correlation of sickle- 
cell anemia and malaria. There have been others, and 
the study of correlation between genotypes and diseases 
has attracted many investigators. It is of considerable in- 
terest not only from the point of view of pathogenesis, 
but also of natural selection and evolution. A summary 
of research on associations between polymorphisms and 
disease was published by Mourant et al. (1978), with 
a complete statistical analysis investigating the hetero- 
geneity of results from different investigators and areas. 
All following references to statements on associations 
with disease are taken from this excellent summary. 
Another valuable use of gene-frequency maps has not 
been explored in depth: the identification of the place 
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Fig. 2.10.1 A highly simplified scheme of 
the world showing the subdivision in regions 
and continents adopted for figure 2.10.2. 


Australia 


of origin of an allele, which may have been generated 
during the spread of modern humans, and is therefore 
found only in part of the world. In the absence of com- 
plications, the gene frequency of a neutral allele tends 
to be at a maximum at the place of origin, but it is ad- 
mittedly not easy to distinguish this explanation of the 
maximum gene frequency from selective or migrational 
interpretations. 

We thought it might be useful to add a simpler pic- 
ture giving basic data of gene-frequency maps, like aver- 
age frequencies by continent or by major region. To this 
aim, a graphic summary was prepared by computer from 
our data bank. The average gene frequency of each allele 
(including several for which no gene-frequency map was 
prepared) is shown by continent or major region, accord- 
ing to the general scheme specified in figure 2.10.1. The 
average gene frequencies of each region or continent are 
shown for 128 alleles in figure 2.10.2. An empty square 
indicates the absence of data. 

Maps for ABO and RH do not display all the data 
symbols (geographic locations and statistical interpreta- 
tion) as it was for all other maps. The location density 
of the collected samples is too high, at least in Europe, 
and it would have obscured the gene-frequency contour 
pattern. Therefore, in the world map, (1) the European 
data symbols are not represented (this information can 
be found in the corresponding map of Europe); (2) the 
Statistical interpretation of the data points has been omit- 
ted for ABO (this information can be found in the maps 
of each continent). 

The first polymorphism studied is ABO; its practi- 
cal importance for blood transfusions made it the most 
widely investigated system. It is found all over the 
world, except for Central and South America where 
only O is present. A few exceptions occur, some of 
which are due to admixture with Africans or Caucasoids. 
In the northwestern part of North America, the frequency 


of A is high, especially in Blackfoot and Blood Indi- 
ans, who have the highest in the world. In East Asia, B 
is most prevalent. Except in northern Europe and Asia 
where a relatively small fraction of A is A2, A almost al- 
ways includes only the Al subtype. One may add here a 
word of caution: when two subtypes of an allele are both 
shown, one cannot expect the sum of their frequencies to 
match exactly the frequency of the whole allele; in this 
case, the sum of the frequencies of Al and A2 does not 
equal that of A. They come from independent samples 
and sets of data and cannot match precisely, here as in 
other similar situations for other genes. 

The discovery of an association of ABO and stomach 
cancer (Aird et al. 1953) started an avalanche of inves- 
tigations on ABO and disease. An introduction to the 
subject, statistical methods usually employed, and pos- 
sible biases can be found in the work of Vogel and Mo- 
tulsky (1986), who have dedicated special attention to 
the problem. Investigations were soon extended to other 
genes; an analysis and summary of published data was 
prepared by Mourant et al. (1978). 

The possible associations of ABO and disease have 
been most widely studied. Of all other genes investi- 
gated, only HLA proved more interesting. The study 
of ABO associations was extended to many afflictions, 
ranging from a variety of infective and parasitic to 
neoplastic and degenerative diseases. High correlations 
have been found for syphilis, especially cerebrospinal 
(A more highly affected than O); better ascertained is 
the higher permanence of positivity of the Wasserman 
reaction (an immunological test for the disease) after 
chemotherapeutic treatment in A and B compared with 
O individuals. The possible higher resistance of O in- 
dividuals to syphilis has considerable interest because it 
might explain the near absence of A and B individuals 
in the Americas, except for Eskimos and some northern 
Amerind groups. In fact, it has been believed for a long 
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Fig. 2.10.2 A summary of the average frequencies per continent or region for the genes shown. The schematic representation of the geographical areas is shown in figure 2.10.1. 
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time that syphilis was imported to Europe and the rest 
of the world from America after Columbus’s voyage in 
1492. If it is true that O individuals are more resistant 
to syphilis and the disease was endemic in America for 
a long time, it may have eliminated most of the non-O 
individuals by natural selection. In more recent times, it 
was discovered that yaws, a disease widespread in sub- 
Saharan Africa, is due to a parasite that is almost undis- 
tinguishable serologically from syphilis; the theory was 
put forward that syphilis came from Europe to Africa 
(see discussion in McNeill 1976). Yaws is not a vene- 
real disease and is transmitted by skin-to-skin contact, 
especially to and from babies. One cannot entirely ex- 
clude, however, that mutations in the African parasite 
caused it to spread by the venereal routes generating the 
syphilis syndrome. 

Other important diseases like plague, cholera, and in- 
fant diarrhea caused by certain F. coli strains may also 
have favored group O. Smallpox was also said to have 
affected the geographic distribution of ABO alleles be- 
cause A individuals were more susceptible. Enormous 
statistical heterogeneity between results of different in- 
vestigators makes it difficult to reach a satisfactory con- 
clusion; it is possible there are differences between local 
strains of pathogens. Tuberculosis (pulmonary) is also 
believed to be more virulent in A individuals than in O 
or B; heterogeneity between studies is not as high here. 
Influenza A2 virus shows a stronger preference for O 
than for A individuals (50% more), but there is no dif- 
ference between B and O, and no heterogeneity. Malaria 
shows a preference for A individuals versus O, but with 
strong heterogeneity. The same is true for bilharzial he- 
patic fibrosis, with less heterogeneity. 

Many neoplasms seem to have different attack rates 
for ABO phenotypes, and the numbers of individuals 
examined are sometimes so high that even small differ- 
ences in incidences could appear statistically significant. 
There is perhaps less heterogeneity in neoplasms than in 
infectious diseases when more than one study is avail- 
able. The effect seems to be fairly specific. For example, 
for malignant neoplasms of the salivary gland, esopha- 
gus, and pylorus, O individuals are more resistant than 
A or B, but the residual gastrointestinal tract is not af- 
fected differentially. Hypotheses have been put forward 
to explain the resistance of O individuals to adenocarci- 
nomas (Yamamoto et al. 1990). Among other common 
diseases, diabetes has a slightly increased incidence (5% 
more) in A and B versus O, pernicious anemia a higher 
one (20% —25%); a rather high increase (2.5 times) in 
incidence of myopia is observed in A and B versus O. 
An average increase in incidence (20%—25% higher) 
is observed in A, and usually also in B, versus O in- 
dividuals for rheumatic heart disease, thrombosis, and 
embolism, cirrhosis of liver, cholelithiasis; the reverse 
is true for rheumatoid arthritis. The most intensively 
investigated are gastric and duodenal ulcers, with a 15% 


higher incidence for gastric, and 30% for duodenal ulcer 
in O than in A or B individuals. All specific references 
to these data are in Mourant et al. (1978). 

Except in the regions of the Americas, where there 
is an anomalous absence of B and, in part, of A, we 
have seen that the Fsy of ABO is often low. The dif- 
ferential sensitivity of ABO to a number of infectious 
diseases, which may have a variable geographic dis- 
tribution, makes it likely that ABO alleles are subject 
to disruptive selection. However, the low Fsr seems to 
indicate a stabilizing selection. It is possible that both 
types of selection are present. The study of natural se- 
lection for ABO has been made more difficult by the 
inability of distinguishing genotypes with immunologi- 
cal techniques; phenotypically A individuals may show 
different reactions to disease depending on whether they 
are of genotype AA or AO, and the same can be said for 
B individuals, that is, that the phenotypic dominance 
we observe for the A and the B alleles does not extend 
to all possible manifestations. The molecular nature of 
the ABO gene has been discovered only very recently 
(Yamamoto et al. 1990) and may help to explain some 
of the mysteries of this classical blood group. All other 
genes are much less well known from the point of view 
of correlation with disease, with the exception of HLA 
for which associations much stronger than those ob- 
served with ABO have been found. 

Several proteins or enzymes and a few blood groups 
are polymorphic as described in figure 2.10.2. In the 
following we comment on genes for which we can con- 
tribute some information or suggestion about their evo- 
lutionary history, especially in terms of their possible 
adaptive significance. 

The blood group Diego, D/, allele A is found typically 
in the Americas but is present at low frequency in far 
East Asia where it probably arose. If this is correct, the 
geographic distribution of D/*A is in disagreement with 
the hypothesis that an allele is at its maximum frequency 
at its place of origin. Figure 2.10.2 shows the highest 
frequency of D/*A in Central Asia (21%)—it was found 
in only one sample of Turkomans from Iran. The authors 
of the original paper (Akbari et al. 1984) claim that this 
high frequency (unique in Eurasia) is due to the Mongol 
origin of the Turkomans. 

Duffy, FY, is another blood group of special inter- 
est; in vitro experiments have shown that the O allele 
confers resistance to a particular malarial parasite, Plas- 
modium vivax (Miller et al. 1976). This parasite is rare 
in Africa, where FY*O is very frequent, reaching 100% 
in some areas. We do not know which was the oldest 
FY allele in Africa. Two interpretations have been sug- 
gested. According to one, FY*O appeared in Africa but 
was not the oldest allele, and because of the presence 
of the parasite, FY*O underwent selection to reach the 
high frequencies it enjoys today. The near disappearance 
of susceptible individuals FY*A and FY*B, which were 
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both originally present in Africa and are still found in 
areas where the endemicity of malaria is less strong or 
absent, has caused the near eradication of the parasite 
in this part of the world, but not outside Africa where 
FY*xO is rare or absent. According to the second inter- 
pretation, FY*O was already present in Africa at very 
high frequencies before the appearance of the parasite, 
preventing its spread in Africa (Livingstone 1984). The 
FY*A allele is present in all parts of the world, whereas 
the B allele is almost absent in Southeast Asia. 

Glucose-6-phosphodehydrogenase, G6PD, a  sex- 
linked gene, has produced a number of deficiency muta- 
tions (indicated by a minus sign) conferring resistance to 
malaria. Deficiency mutants are therefore quite common 
in many parts of the world, except the Americas and 
Australia. G6PD-deficiency was originally discovered 
because it determines sensitivity to a number of drugs, 
including some antimalarials, which may cause serious 
hemolytic attacks in deficient individuals. The ingestion 
of fava beans causes similar attacks (favism; see Vogel 
and Motulsky 1986). The normal gene exists in two 
electrophoretically different forms, A and B; deficiency 
mutants have arisen in both forms, but the A— deficient 
mutants are found almost only in Africans, whereas the 
B— forms are found on the other continents in which the 
deficiency is known. Most frequency determinations of 
deficiency are done by straight assay of the enzyme, which 
does not distinguish the two types (see also sec. 2.14). 

Another gene with several alleles, connected with im- 
mune defense functions, BF (properdin), exists in two 
more common forms, and is polymorphic in most of the 
world but rare in the Americas. Two more rare alleles 
are found mostly among Caucasoids. 

Glyoxylase-locus 1, GLO/ is regularly polymorphic 
all over the world except in Australia and New Guinea, 
where one of the two alleles is rare. 

First called ““Group-specific component,” GC 1s a pro- 
tein originally typed immunologically and then shown to 
be identical to vitamin-D-binding protein. The two ma- 
jor alleles show little variation in frequency; Mourant et 
al. (1976b) found a correlation with solar intensity, but 
we find (see later) only modest correlation with climate, 
which is highly correlated with solar intensity. There is 
today a great wealth of mutants described in addition to 
the original two (Constans et al. 1983), and it is possible 
that their geographic distribution, if it were adequately 
known, might be more informative. We show data only 
for two subtypes of GC */, F and S, which do not seem to 
clarify the question of the correlation with solar intensity. 

Haptoglobin, HP, is another plasma protein that binds 
hemoglobin and helps to dispose of it when it leaks from 
dead or damaged red cells. It might be of special impor- 
tance in regions where diseases, such as malaria, which 
produce significant hemolysis are common. Two alleles 
are common (1 and 2); the first is subtyped into 1S and 
1F . Haptoglobin shows little variation, as shown by Fst 


analysis and might be under stabilizing selection such 
that it is stronger in some regions than in others; the 
same may be true of GC. 

The most important system of markers in our collec- 
tion, HLA, is represented by 12 A alleles and 17 B al- 
leles. Their frequencies never sum to 100, because not 
all alleles are known, but in both A and B there are 
so-called blank alleles that are operationally defined as 
the sums of all the unknown ones. Blank frequencies 
are higher for populations other than Caucasoids, which 
have been less intensively investigated. Some of the con- 
clusions that follow may be weakened by this fact. 

Perusal of HLA maps, and of figure 2.10.2, shows 
that most HLA alleles can be classified according to one 
of four patterns. 

1. A few alleles are essentially ubiquitous, in the sense 
that they are found at nontrivial frequencies all over the 
world. They are A*2, A*9, B*/5, and B*27 (however, 
B*27 is nearly absent from South America and Aus- 
tralia). 

2. Other alleles, the most numerous, are absent or, 
more usually, rare in East Asia and the Americas, Aus- 
tralia, New Guinea, and the Pacific islands and are there- 
fore common only in Eurafrica (Africa, and Europe, and 
the part of Asia occupied by Caucasoids): A*/, A*3, 
A*29, A*32, B*7, B*8, B12, B*l4, Bx17, B18, 
B*37. One allele, B*40, has somewhat the opposite pat- 
tern, but it is not truly rare in Eurafrica, where it reaches 
frequencies of 3%-5% versus 14%—42% in the eastern 
part of the world. 

3. Another relatively common pattern comprises al- 
leles rare or absent in Australia and New Guinea: A*28, 
A*30, A*31, A*33 (A*33 is also absent from South 
America), B*5, B*7, B*16 (which is found, however, 
in New Guinea), B*2/, and B*35. The opposite pattern 
is found in B*22, which is relatively rare in most of the 
world except in Australia, New Guinea, and the Pacific 
islands where it is very common. 

4. Rare in the Americas are A*/0, A*//, B*/J3, and 
B*22; they all reach, by contrast, rather high frequen- 
cies, sometimes the highest, in Australia. Allele B*35 
exhibits a somewhat opposite behavior, reaching its high- 
est frequencies in America. 

Although there probably was a partial loss of alleles in 
the migrations to the two East Asian appendages, Aus- 
tralia and the Americas, the complete absence of an al- 
lele is rare. Later gene flow may have reintroduced genes 
that were initially lost but are now present at low fre- 
quencies. Drift, and possibly selection are considered the 
most likely causes for the decrease of certain alleles. One 
should resist the temptation to consider a founders’ effect 
the exclusive factor. Drift is not expected to take place 
in only the first generation, that of the founders. Every 
generation determines the gene frequencies of the next 
ones, and drift effects are cumulative; moreover, popu- 
lation bottlenecks do not take place exclusively at the 
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beginning. Another possibility to be considered is that 
some of the alleles of the second, third, and fourth pat- 
terns originated rather late and did not have time to dif- 
fuse to the most remote areas. It would seem, however, 
that the phenomenon is not observed with the same in- 
tensity for non-H LA markers. Moreover, other evidence, 
discussed in later chapters, shows extreme internal vari- 
ation in America and Oceania, most likely caused by 
very strong drift. 

The ubiquitous HLA alleles (the first pattern of geo- 
graphic distribution) might be those for which there is 
more stabilizing selection. The second pattern is so com- 
mon that it might suggest, taken at face value, that the 
first split in the tree took place between Caucasoids and 
Africans versus all the rest. This is the root that had been 
suggested in the earliest tree analyses (see sec. 2.2). It 
is difficult to choose between a historical and a selective 
explanation for this pattern. 

Direct evidence for selective involvement of HLA 
is abundant and based mostly on associations of HLA 
and disease (Dausset and Svejgaard 1977; Tiwari and 
Terasaki 1985; Thompson 1988). HLA research is very 
active and many more genes other than A and B have 
been detected, including the C locus and a variety 
of D loci, in addition to many pseudogenes that are 
not affected by selection, at least today. Information 
on ethnic variation of selective patterns is scanty but 
sufficient to show that there are frequently differences 
of correlation between HLA and disease in different 
parts of the world. Most of the evidence for correla- 
tions between HLA and disease comes from association 
studies showing that patients with specific diseases are 
more frequently of a given HLA type than others. The 
gene actually responsible for the disease is extremely 
difficult to ascertain, because there are many different 
HLA genes in the complex region of the short arm of 
chromosome 6 where they are located and where some 
other genes are found. All HLA loci are closely linked, 
and association of a disease with a particular HLA gene 
may reflect “linkage disequilibrium”: when two genes 
are very close on a chromosome, there is little genetic 
recombination (crossing-over) between them, and they 
tend to stay together for a very long evolutionary time. 
Therefore, diseases tend to show association with many 
neighboring genes. Usually the highest degree of asso- 
ciation 1s with the genes closest to the gene determining 
the disease. The D loci are probably more often involved 
than A or B, and many of the associations found with 
A and B are now known to be a result of their close 
linkage with D loci, with which we do not concern 
ourselves here. A or B loci may, however, be directly 
responsible for diseases: B*27 is perhaps the clearest 
example to date. There is some consensus that it is 
somehow directly responsible for ankylosing spondyli- 
tis, a chronic progressive form of arthritis affecting a 
number of joints, primarily of the spine. This disease is 


almost never found in non-B *27 individuals, but B*27 is 
certainly not the only factor since only a small fraction of 
B «27 individuals develop ankylosing spondylitis. B * 27 
is also associated with several other diseases. 

The immunoglobulin genes, GM and K M, which pro- 
duce antibodies and play an important role in defense 
against pathogens, have also shown some, though less 
clear-cut, associations with specific diseases. 

GM is one of the major supergenes, the second in 
importance after HLA. It is located in chromosome 14 
and has a very large number of alleles, but not all can. 
be recognized in all populations, in part because of the 
scarcity of important reagents. Its four genes control the 
constant part of the heavy chain of four G immunoglob- 
ulins; variants are suspected of showing different re- 
sistance to some infectious diseases, although clear-cut 
examples are still rare. Only GJ and G3 genes are com- 
monly typed and the locus has been called JGHG1IG3 
for JGHG/ and IGHG3. Their alleles are separated by 
a semi-colon. 

The geographic distribution of the heavy-chain poly- 
morphisms (JGHG/G3) shows that za;g and, to a lesser 
extent zax;g are almost homogeneously present in the 
world, but certainly are more frequent in East Asia 
and its appendages. f;b0b1b3b4b5 is mostly Caucasoid; 
fa;b0b1b3b4b5 is primarily East Asian, especially in the 
south and southeast, but almost absent in the Americas; 
za;b0b1b3b4b5 and its derivatives are mostly African. 
The light-chain polymorphism, on the contrary, has a 
fairly constant frequency throughout the world. The 
real selective meaning of the immunoglobulin polymor- 
phisms awaits analysis by molecular techniques simpler 
than those now available. 

Another important and widely studied blood-group 
system, MNS, has been analyzed by allele and haplo- 
type frequencies. The pair of alleles M,N is ubiqui- 
tous, with a reasonably regular geographic distribution, 
but S of the pair S,s becomes rare in Southeast Asia 
and disappears completely in Australia. The allele S$“ is 
almost exclusively African. Of the four haplotypes, two 
(MS, NS) are nonexistent in Australia, and MS is rare in 
New Guinea and the Pacific. Analysis of possible asso- 
ciations with a large number of diseases has reached sta- 
tistical significance in very few cases; some such results 
might be expected to arise by chance when many signifi- 
cance tests are carried out. The few positive results have 
never received strong confirmation by studies in other 
areas (Mourant et al. 1978) so that one can consider the 
results of these investigations basically negative. 

Phenylthiocarbamide tasting, PTC has been named 
an “honorary blood group” by Race and Sanger (1975), 
but is tested as the capacity to taste PTC, a substance 
extremely bitter to many and tasteless to a minority. As 
mentioned earlier, inheritance, or at least the testing pro- 
cedure, is not perfect so that gene frequencies may be ap- 
proximate. The world variation of the gene frequency is 
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modest. The interest in this gene comes from the resem- 
blance of PTC to antithyroid substances that are present 
in some widespread vegetables; PTC itself has antithy- 
roid activity. Tasters might be prevented from ingesting 
too many antithyroid substances in their diet by their 
bitter taste. A correlation between taster’s state and the 
occurrence of some thyroid diseases seems significant, 
tasters being less exposed than nontasters to nontoxic, 
nodular goiter, and to nodular goiter; but, somewhat sur- 
prisingly, patients with toxic, diffuse goiter are signifi- 
cantly more often tasters than normal controls. Again, 
somewhat surprisingly, hypothyroidism is more common 
in tasters than in nontasters. Other correlations with dis- 
ease have been detected but are not easy to understand 
(Mourant et al. 1978). 

Another gene that has been very widely studied is 
RH, a blood group of clinical importance because RH - 
positive children born to RH-negative mothers are ex- 
posed to the danger of antibodies produced by the 
mother, which may damage the fetus if they enter the 
fetal circulation. The first pregnancy is usually normal, 
but successive ones are progressively dangerous for the 
health and survival of the progeny. RH-negative chil- 
dren, as may be born to an RH-negative mother and 
a heterozygous father, are unharmed. This maternal- 
fetal incompatibility is also observed with other blood- 
group systems, but RH is responsible for 90% of the 
cases. ABO determines very early incompatibility of 
O mothers and A or B progeny, which often goes 
undetected. Incompatibility has an interesting evolu- 
tionary fate (Cavalli-Sforza and Bodmer 1971a): het- 
erozygotes are at a disadvantage (only heterozygous 
children of RH -negative mothers die), and the polymor- 
phism is unstable. According to the simplest hypothesis, 
there is a critical gene frequency at 50%; if a popula- 
tion has more than 50% RH-positive genes, the RH- 
negative type will be lost over the generations. If it 
has less than 50% RH-positive, the RH-positive type 
will be lost. Only one population on Earth, a group of 
Basques, has more than 50% RH-negative genes. We 
will see (sec. 5.6) that Basques were hypothesized to be 
an ancient European population that was predominantly 
or perhaps 100% RH-negative, and mixed with later set- 
tlers who were predominantly RH -positive. If there were 
no admixture between neighbors, Basques would evolve 
toward a full RH negativity, and the rest of the world 
toward full positivity. There is probably enough admix- 
ture of Basques with neighbors at low proportion of 
RH-negative genes, that RH-negative may be decreas- 
ing among Basques also. It is possible, however, that in 
addition to RH-incompatibility there is also some het- 
erozygous advantage that helps maintain the RH gene 
polymorphism (Cavalli-Sforza and Bodmer 197 1a). 

RH was the first complex genetic system detected 
which may involve various loci. The RH theory pro- 
posed by Fisher (Feldman et al. 1969; Race and Sanger 


1975) has not been falsified by later developments, but 
the number of alleles has grown considerably. Purely im- 
munological methods of analysis have limitations that 
could be avoided only by molecular knowledge, when 
available. The RH polymorphism could be analyzed by 
immunological reagents at all three major loci postu- 
lated by Fisher, C,D, and E. Two alleles at each lo- 
cus, C,c,D,d and E, e, were considered in the analysis 
by haplotype. Two more alleles, C” and D“, were also 
considered separately; C” is highest in northern Asia, 
where it may have originated; D” is high in Africa and 
in Southeast Asia. The C , c polymorphism is ubiquitous, 
with the highest values in New Guinea and Southeast Asia 
and lowest in Africa. The D, d polymorphism is most fre- 
quent in Europe; the distribution of the d allele (not given) 
is very close to that of cde haplotype, present in all Cau- 
casoids and Africans, with a maximum in Europe, defi- 
nitely more rare in East Asia and the Americas, and totally 
absent in Australia and New Guinea. The E, e polymor- 
phism is ubiquitous with highest values in the Americas. 

The haplotypes are a little more informative on as- 
pects of the history of this polymorphism. According 
to Fisher’s evolutionary model (see also Feldman et al. 
1969), these are the main points of the process. 

1. The oldest haplotype is cDe, which has its highest 
frequency in Africa but is also found in the rest of the 
world (when this model was developed in the 1940s, 
African origin had not been suggested). 

2. From cDe arose, by mutations at the three loci, 
three haplotypes, all of which are common. 

2a. CDe, (from mutation c — C), may have 
arisen in the a.m.h. expansion to Asia and is frequent 
all over the world. It is rarest, but not too rare, in 

Africa (9%). 

2b. cde (the RH-negative “chromosome” or hap- 
lotype) must have arisen by mutation D — d during 
the expansion of a.m.h. toward the northwest from 

West Asia and the occupation of Europe (where the 

highest frequency is found, in the Basque region). It 

is not, however, rare in Africa, and it may have orig- 
inated before the passage from Africa to West Asia or 
have flowed back. 

2c. cDE, which is especially frequent in Northeast 

Asia, where it may have originated by mutation e —> 

E,, and in the Americas, where it went from Northeast 

Asia; since it is more rare but not absent in Southeast 

Asia and Australia, some active exchange must have 

taken place between Northeast and Southeast Asia be- 

fore migrations to the two appendages of East Asia. 

3. In the next phase, apart from other mutations that 
we are not considering like D“,C™ and rarer ones, 
crossing-over between the four types in existence that 
were listed above, could generate three more types. 

3a. A relatively rare type, Cde, has maximum 
frequency in North Asia and is common in Europe 
and West Asia, where it may have originated from 
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crossing-over between two haplotypes like CDe and 

cde that are both common in that region. 

3b. Rare in most places, with a maximum in East 
Asia, cdE could have originated from crossing-over 
between cDE and cde. This is most likely to have 
occurred in West Asia or North Asia on the basis of 
the frequencies of these types in these regions today. It 
could also have originated from crossing-over between 
other haplotypes. 

3c. Also relatively rare, CDE, is most frequent in 
Northeast Asia and the Americas. It could have origi- 
nated from crossing-over between CDe and cDE. On 
the basis of the frequencies of these two types, this 
most likely occurred in Northeast Asia, where this 
haplotype is frequent today. 

From some indirect observations (for details and ref- 
erences, see Race and Sanger 1975) it has been postu- 
lated that the order of the three loci is DCE, and that 
the three crossover products above are all expected 
to be the result of single recombination events and 
therefore more frequent. 

4. A crossing-over between two crossover products 
originated in the preceding phase could generate the 
eighth haplotype, CdE,, which is, as might be expected, 
the rarest, a fact in agreement with the postulated order 
of the three loci. 

In order to complete the picture and summarize it, 
one should add that three mutations are necessary for 
producing the first four types from which all the eight 
types can derive, and that once this has happened, it is 
more likely that recombination, rather than more muta- 
tions, produce the residual four haplotypes. A double 
recombination event is rare, but gene conversion may 
make it likely. 

This hypothesis of the origin of the RH system is more 
than 40 years old but has not lost its capacity to explain at 


2.11. SYNTHETIC MAPS OF THE WORLD 


Observations made on single-gene maps can give only 
crude indications of evolutionary history, because gene 
frequencies are subject to random sources of variation. 
It is only by compounding the information from many 
genes that a clearer picture can emerge. We have de- 
scribed in chapter | how synthetic maps can be obtained 
by plotting principal components, on a geographic map, 
and drawing curves connecting equal values. We refer to 
principal components as PCs. 

As mentioned in sections 1.13 and 1.15, PCs are linear 
combinations of all gene frequencies of a given popula- 
tion. They are therefore especially suitable for describing 
gradients of gene frequencies generated by migrations, 
because migration has a linear effect on gene frequencies 
(Menozzi et al. 1978a). They inevitably tend to smooth 
gradients, which therefore may appear more regularly 


least some of the evolutionary history of a complex gene 
system. It also predicts that most of the events leading 
to the various haplotypes must have happened in Asia, 
though in different parts of it, in the 100-50 ky period 
that preceded the expansions to the other continents. A 
final assessment of this theory will become possible only 
when the molecular genetics of the RH region become 
sufficiently well known. 

RH has been the blood-group system of greatest clin- 
ical importance after ABO, and it is not surprising 
that many data have also accumulated here on corre- 
lations between RH and diseases other than those result- 
ing from materno-fetal incompatibility (Mourant et al. 
1978). Conclusions are the same as for MNS; although 
there are a few significant results, a little above the ex- 
pectations of a totally random phenomenon, differences 
in incidence with controls are always modest, and there 
is little hope that even one of the very few positive con- 
clusions out of the several hundreds of published inves- 
tigations might prove reproducible. 

The secretor system, FUT2(SE), is responsible for 
bringing into secretions substances responsible for A, B, 
and the related H substances that are normally found 
on the red cells of individuals and define their ABO 
status. Much research has been done on the associa- 
tion between gastric and duodenal ulcers and the se- 
cretor status. The susceptibility of secretors to gas- 
tric ulcers is only 59% that of nonsecretors, and that 
to duodenal ulcers 57%. This important difference is 
well ascertained. The possible mechanism of protec- 
tion is that A and B substances are mucoid and may 
be protective of the linings of the gastric and duodenal 
mucosa if they are secreted in the stomach. Other find- 
ings have not had the support of as many indepen- 
dent investigations as these two diseases (Mourant et al. 
1978). 


linear than they actually are. Fortunately, we can give 
evidence from computer simulations that the distortions 
are not serious and that the technique usually can—as 
it is expected to—detect ancient migrations (Rendine et 
al. 1986). Moreover, a single PC map extracts only one 
source of information, and all PCs are independent from 
each other, so that each tells a unique story. PCs are or- 
dered by their importance in extracting the information 
contained in the data, and thus the first PC uses the ma- 
jor discrepancies observed in the geographic area being 
studied; the second repeats this operation on the resid- 
ual information, etc. In this section we show seven syn- 
thetic world maps corresponding to the first seven PCs. 
The relative amount of information expressed by each 
PC, or, in other words, the percentage of the total vari- 
ance of gene frequencies explained by each PC, is given 
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Table 2.11.1. Percentage of Total Variance Explained by the First 
Seven Principal Components of World Data for Eighty-Two Genes 


Principal % of Total Principal % of Total 
Component Variance Component Variance 
1 34.8 5 4.2 
2 17.8 6 3.8 
3 12.4 7 1.8 
4 7.4 


in table 2.11.1. PCs lower than the first seven may still 
have useful information, but they tend to have very low 
correlations with individual genes, and were not mapped. 

Each PC is the sum of the 82 gene frequencies, each 
multiplied by an appropriate coefficient. The 82 genes 
considered for this analysis are those for which world 
genetic maps (see Table of Genetic Maps) are shown in 
the second part of the book except for the following eight 
alleles: ABO*A2, G6PD*def, G6PD*A+, G6PD*B+, 
G6PD*B—, IGHGIG3*za;g, IGHG1G3 «zag ;bOstb3b5, 
IGHG1G3 *f;b0b1b3b4b5. The correlations between a 
PC and the 82 genes express the relative importance 
of each gene in determining the PC. The genes having 
highest correlations with the first three PCs are shown 
in table 2.11.2. In general, one can expect that these 
genes tend to have a gene map most similar to the syn- 
thetic map, but a gene may contribute information to 
more than one PC, and therefore the pattern found in 
a single gene map may not always be similar to that 
of the corresponding synthetic map, unless the corre- 
lation between that PC and the particular gene is very 
high. 

It is clear that correlations decrease, on the average be- 
cause the PC is of lower and lower rank. This is inevitable, 
since the higher PCs (those calculated first) have extracted 
a greater amount of information. The lower the rank of a 
PC, the more important is “noise,” or variation that cannot 
be attributed to any simple, regular genetic source. 

For ease of visual recognition, we use eight classes of 
PC values in synthetic maps. The choice of an increas- 
ing or decreasing density of shading is totally arbitrary; 
it could be reversed if desired, without any loss of infor- 
mation. Intermediate classes are closest to the average 
PC, and the maximum and minimum values will some- 
times be called “poles” of the PC. They indicate the 
populations that globally differ most from each other for 
the particular axis of reference formed by the PC being 
studied. Populations or regions that have very similar 
values of a particular PC need not, however, be simi- 
lar between themselves, for they may be very different 
for another PC. The color maps are very useful in this 
respect for they cumulate the information from the first 
three PCs. They can also directly answer some puzzling 
questions that can arise when geographically and (sup- 
posedly) genetically remote populations turn out to be 
very similar for a particular PC. The information that 


Table 2.11.2. Genes Showing the Highest Correlations with the 
Three Highest Principal Components of World Gene Frequencies 


P.C." 


Range of 
Correlation 
Coefficient 


1.00 — 0.90 


0.90 — 0.80 


0.80 — 0.70 


0.70 — 0.60 


0.60 — 0.50 


0.50 — 0.40 


0.40 — 0.30 


0.90 — 0.80 


0.80 — 0.70 


0.70 — 0.60 


0.60 — 0.50 


0.50 — 0.40 


0.40 — 0.30 


0.90 — 0.80 
0.80 — 0.70 
0.70 — 0.60 
0.60 — 0.50 


0.50 — 0.40 


Genes 

(+) = 

(-) FY*A 

(+) HLAB*18, HLAA*3, HLAB* 14, RH*cde, 
HLAA*29, HLAB* 12, HLAB*7, P1*1, 
GLO1*1, HLAA*19 

(-) RH*D, HLAB*22, C3*S, RH*C, HLAB*40 

(+) HLAA*30, HLAA*1, HLAB*17, HLAB*8, 
LU*A 

(-) IGHG1G3*zax;g, IGHG1G3*za;g, 
FUT2(SE)*Se, HLAB* 13, AG*X, RH*CDe 

(+) HLAB*+21, HLAA*33, MNS*S, RH*cDe, 
KEL*Jsa, PTC*T, HLAA*28, TF*C 

(-) RH*D4, HLAA*9, RH*CDE, MNS*Ns, 
PGM1+*1, HLAA*10, HLAB*15 

(+) MNS*He, MNS*MS, KEL*K, MNS*M, 
RH+*Cde 

(-) ABO*AT 

(+) MNS*Ms, IGHG1G3*za;b0b1b3b4b5, 
MNS*NS, ABO*B, HLAB+5 

(-) RH*E, ACP1*B, AK1*1, BF*F, 
IGHG1G3* fa;b0sb3b5 

(+) HP*1, HLAA*31, HLAB +35, ACP1*C, 
GC+1F 

(-) RH*cDE 


(+) HLAA®2 

(-) BF*F, GPT+1 

(+) RH*E, RH*cDE, HLAB+ 16, DI*A, 
HLAB*35 

a Som 

(+) HLAA*31, MNS*MS, MNS*M 

(-) MNS#Ns, JK*A 

(+) TF*C, PTC*T, IGHG1G3*za;g, MNS*S, 
HLAB+5, MNS*Ms 

(-) MNS*He, HLAA*10, ABO+A, RH*cDe, 
IGHG1G3*za;b0b1b3b4b5, ESD*1 

(+) PGD*A, ABO+O 

(-) HLAA*30, HLAA*29, ABO+A1, HLAB+ 13, 
HLAB+22 

(+) HLAB*27, FUT2(SE)*Se, GLO1#1, 
PEPA*1 

(-) KEL*Jsa, LU*A, GC*1, ACP1*B, GC+1F, 
HLAB*17 


(+) ADA*1, KM+*(1&1,2) 

eos 

(1) = 

= 

(+) GO+#1F, ABO+O 

(-) ACP1*C, HLAA*11 

(+) KEL*Jsa, MNS*He, RH*cDe, AK1*1 

(-) HLAA*1, KEL*K 

(+) HLAA*30, HLAA*28, RH*D4, JK+*A, 
ACP1*B, GC*1 


(continued) 
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Table 2.11.2 (continued) 


(-) RH*CDe, HLAB*27, ABO*A, AG#X, 
ABO*B 
0.40-0.30 (+) PGD*A, Di*A, HP*1, PGM1*1, 


IGHG1G3*Za;b0b1b3b4b5, FUT2(SE)+* Se, 


RH«D, P1*1, C3*S, PTC*T, HLAA+31, 
HLAA* 19 
(-) ABO*A1, RH*cde, HLABs8, HLAA*3, 
MNS*NS, RH*C 


Note.— Genes giving positive or negative correlation values are indicated by 


(+) or (-), respectively. 
* P.C., Principal component. 


can come from color maps is limited to the first three 
PCs and is therefore not complete, but in the case of the 
world, it summarizes 65% of the whole variation. 

The first synthetic map (fig. 2.11.1) shows that the 
poles of the first PC are Africa and Australia, which are 
the maximum and the minimum respectively. The first 
PC tends to indicate the expansion from the south and 
east of Africa, toward the rest of the world, first north 
and east, then toward Australia and the Americas. But 
PCs can only indicate a static situation, and we add the 


movement to the picture from external evidence. Mon- 
goloids are together with American natives at the center 
of the variation. Because of the west-east linear gradi- 
ent imposed by the first PC, western Europe is simi- 
lar to Africa, an anomaly corrected by lower PCs. Note 
that the least African of all inhabitants of Africa are 
North Africans, eastern Pygmies (Mbutis), and Bush- 
men. Again, the difference existing between Pygmies 
and Bushmen are stressed by later PCs. As is shown— 
for example, for Scotland, Ireland, and Spain whose val- 
ues of the first component share the same class with sub- 
Saharan Africa—one component alone is not sufficient 
for drawing absolute inferences about genetic similar- 
ity. In general, with the inevitable approximation result- 
ing from the linear representation by PCs, the first map 
corresponds to the first split of the tree, that between 
Africans and non-Africans, but the split described by 
the first PC considered in isolation is not as clear-cut as 
that of the tree. In summary, the first PC approximately 
describes the west-to-east movement of a.m.h. 

The poles of the second synthetic map (fig. 2.11.2) 
are America on one side and Australia + New Guinea 


Fig. 2.11.1 A synthetic map of the 
world based on the first principal 
component (PC). Here, as in all sub- 
sequent maps (including the follow- 
ing chapters), the range between the 
maximum and minimum values of 
the PC has been divided into eight 
equal classes. The direction of 
increase of PC values is arbitrary. 
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Fig. 2.11.2 A synthetic map of the 
world based on the second principal 
component. 
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Fig. 2.11.3 A synthetic map of 
the world based on the third 
principal component. 
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on the other. Mongoloids are again in a central position. 
This is approximately equivalent to the second split of 
the tree, which separated Australia, New Guinea, and 
Southeast Asia from the rest of the non-Africans. 

The maximum and minimum of the third map (fig. 
2.11.3) are in sub-Saharan Africa and Europe, respec- 
tively. The intermediacy of North Africa and, to a lesser 
extent, East Africa between Africa and Europe is apparent. 

The fourth map (fig. 2.11.4) stresses the separation of 
western Europe from Africa, South America, and East 
Asia, whereas the fifth map (fig. 2.11.5) contrasts west- 
ern Europe with Southeast Asia alone. 

The sixth map (fig. 2.11.6) emphasizes the differ- 
ence between the American Arctic and Southeast Asia 
+ South America, with North Asia and most of the rest 
of the world taking central values. If a climatic gradi- 
ent is responsible for this, it shows independence from 
adaptations to the tropical forest in Africa. 

The seventh map (fig. 2.11.7) shows the difference 
between Bushmen and other Africans, with the rest of 
the world intermediate. 

This analysis of world synthetic maps corresponding 
to single PCs is only moderately rewarding. Each PC 


80 


repeats only approximately some of the conclusions from 
the tree. The combination of the first and most impor- 
tant PCs in a color map is more illuminating, as it 
is clearly easier to discern many of the clusters found 
by tree analysis at this higher synthetic level. Unfortu- 
nately, the human eye has only three pigments, and it 
is doubtful that the synthesis of more than three PCs by 
more than three elementary colors would yield a bet- 
ter picture. It has not been attempted. The color map 
of the world shows very distinctly the differences that 
we know exist among the continents: Africans (yellow), 
Caucasoids (green), Mongoloids, including American 
Indians (purple), and Australian Aborigenes (red). The 
map does not show well the strong Caucasoid compo- 
nent in northern Africa, but it does show the unity of 
the other Caucasoids from Europe, and in West, South, 
and much of Central Asia. The differences between 
North and South Africans are more visible in the Africa 
map. 

There is one important limitation to the use of syn- 
thetic maps for describing the complex genetic patterns 
found when analyzing the whole world. It is well known 
that PCs can reveal a limited number of clusters: at a 
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Fig. 2.11.4 A synthetic map of 
the world based on the fourth 


principal component. 
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Fig. 2.11.5 A synthetic map of the 
world based on the fifth principal 
component. 
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Fig. 2.11.6 A synthetic map of the 
world based on the sixth principal 
component. 
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Fig. 2.11.7 A synthetic map of the 
world based on the seventh princi- 
pal component. 
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minimum, the number of PCs used plus one. This prin- 
ciple is easily understood if one thinks of one PC, a 
straight line, which can only distinguish two extreme 
clusters. Adding a second PC allows us to distinguish at 
least one other cluster and so on. This limitation does 
not apply to clusters found in intermediate positions. 
Thus, a color presentation using three PCs, like ours, 
can in principle reveal only four clusters plus intermedi- 
ate ones. We see, in fact, four major clusters and several 
intermediate ones. An important practical implication is 
that, in complex situations such as the world variation of 
gene frequencies, PCs may well change drastically when 
calculated on a fraction of the total area. The clusters ap- 
pearing in the particular subregion examined will deter- 
mine the weights of each gene frequency in each region. 
For this reason, the analysis was repeated for each con- 
tinent and sometimes for each subcontinent in the subse- 
quent chapters. Many details that cannot be perceived at 
the global level are visible in the partial maps in which 
PCs emphasize entirely different aspects. In general, one 
may add that PCs give an especially clear picture when 
there are not too many important factors or clusters to 
be considered; the world geographic distribution of gene 


2.12. HOMOZYGOSITY 


The smaller a population and the fewer immigrants 
it receives, the more it tends to becoming homozygous 
for all of its genes. This is a standard result of drift, 
and also of inbreeding, but the two processes are not 
the same. In fact, most human populations avoid mar- 
riage between close relatives, and thus their degree of 
inbreeding tends to be smaller than if matings within a 
group were random. Expected homozygosity at a locus 
for random mating within a population can be easily cal- 
culated by summing the squares of the gene frequencies 
of all alleles: 


H = S pj, (2.12.1) 


where the p; are the relative frequencies of the m alleles 
at the locus, and the sum S is carried out over all m 
alleles. S p;, the sum of the frequencies of all the m 
alleles is 1 (see also sec. 1.10). 

Heterozygosity, the frequency of heterozygotes, is 
simply h = 1 — H. It is well known (Wahlund’s prin- 
ciple; see Cavalli-Sforza and Bodmer 1971a) that if a 
population is made of many subpopulations that do not 
mate randomly with each other and have different gene 
frequencies, then heterozygosity is less than expected 
compared with that of a fully random-mating population. 

If each subpopulation mates randomly, its heterozy- 
gosity can be computed from its gene frequencies and 
its homozygosity obtained using equation (2.12.1). The 


frequencies is already a fairly complicated situation, and 
the analysis of partial areas is easier to understand. 

The color picture of the world conveys 65% of the 
original variation and shows the areas occupied by four 
major ethnic groups: Africans are yellow, Australians red, 
Caucasoids green, and Mongoloids, showing the great- 
est variation, retain some of the similarities with Euro- 
peans on one side (a light-brown greenish tinge in central 
Siberia) and with Australians on the other (a pinkish color 
in parts of America and on the way to it). We thus have 
a good separation of Africans, Caucasoids, Australoids, 
and Mongoloids, but the first three components together 
do not seem to distinguish northern and southern Mon- 
goloids. Three components are an incomplete represen- 
tation of the global variation (in this case, they lose 35% 
of the variation). In addition to this disadvantage, the 
color picture also blurs to a large extent the gradients — 
that is, the major expansions— visible with single com- 
ponents. It provides, however, the best representation 
of global variation that we can give. The extensive gra- 
dients resulting from admixtures between Africans and 
Caucasoids in North Africa and between Caucasoids and 
Mongoloids in Central Asia are clearly visible. 


individual heterozygosities of s subpopulations (form- 
ing a larger one) can be averaged, giving average het- 
erozygosity h,, while h,, the heterozygosity of the to- 
tal population, can be calculated from the average gene 
frequency of the total population, assuming all its indi- 
viduals mate randomly. Because of the incomplete in- 
terbreeding, h, will be less than h,, and the relation 
between the two provides another way of obtaining Fst 
between the s subpopulations (see also sec. 1.10 and 
1.11, and table 1.10.1): 


Fs7 = Liss hi 


Table 2.12.1 gives the h,, ht and Fsy values for all 
genes among the world populations selected in Ap- 
pendixes 2 and 3. 

We note that average Fsy values given in the single- 
gene maps are usually smaller than the corresponding 
ones given in table 2.12.1. Single-gene map Fsr val- 
ues are calculated on all available samples, while Fst 
values of table 2.12.1 are from the ethnic groups of Ap- 
pendixes 2 and 3 and are averages of local values chosen 
to give a geographically and ethnically stratified sample 
of the world populations. The single-gene maps have a 
relatively larger representation of European data, which 
tend to take intermediate values in the world distribution 
of gene frequencies, and therefore their Fs; values are 
biased downward. 
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Table 2.12.1. Average Gene Frequencies (in increasing order), Fg Values, Percentile Corresponding 


to Each Fsz in the Simulated Fs Distributions, Heterozygosities h,, hy(from which Fg; was 


calculated), and Number of Populations Available among the 491 Populations (Appendix 2) Used for 


These Calculations 
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Percentile No. of 

Gene Frequency For (%) h, h, Populations 
RH*CdE 0.0004 0.0326 71 0.000753 0.000729 409 
RH*cdE 0.0035 0.0411 73 0.007015 0.006727 409 
HLAB+* 41 0.0051 0.0137 62 0.010104 0.009966 42 
RH*Cw 0.0053 0.0233 67 0.010454 0.010210 158 | 
Pl*F 0.0067 0.0397 72 0.013199 0.012674 70 
KEL* Kpa 0.0073 0.0331 71 0.014557 0.014075 65 | 
HLAB* 37 0.0087 0.0120 61 0.017287 0.017080 57 | 
RH*Cde 0.0090 0.0311 70 0.017855 0.017300 409 | 
ACP1*C 0.0094 0.0455 74 0.018566 0.017722 262 | 
CP*A 0.0106 0.0531 75 0.020880 0.019771 78 
G6PD*B- 0.0139 0.0714 76 0.027417 0.025459 66 
HLAB* 14 0.0149 0.0302 58 0.029301 0.028415 131 
LU*A 0.0150 0.0314 58 0.029574 0.028645 134 | 
PGK1*2 0.0153 0.0853 78 0.030128 0.027558 48 | 
KEL*K 0.0170 0.0381 57 0.033327 0.032057 272 
BF*S0.7 0.0178 0.0346 54 0.034940 0.033732 39 
HLAA*29 0.0188 0.0382 54 0.036836 0.035429 se Ba 
RH*CDE 0.0192 0.0725 68 0.037574 0.034851 409 
JK*0 0.0210 0.1946 94 0.040951 0.032981 52 
MNS*S¥ 0.0222 0.2122 95 0.043190 0.034025 174 
HLAB*21 0.0223 0.0705 63 0.043551 0.040482 124 
BF*F1 0.0224 0.0839 69 0.043250 0.039619 39 
ABO*A2 0.0227 0.0614 58 0.044335 0.041614 362 
HLAA* 32 0.0238 0.0783 65 0.046427 0.042791 105 
HLAB* 18 0.0261 0.0558 52 0.050807 0.047972 125 
KEL+*Jsa 0.0287 0.1022 71 0.055574 0.049893 68 
AK1*2 0.0291 0.0495 44 0.056544 0.053747 205 
TF*D 0.0293 0.0833 61 0.056918 0.052178 331 
HLAA*33 0.0296 0.0523 45 0.057459 0.054455 88 
HLAA* 30 0.0304 0.0894 63 0.058882 0.053618 90 
HLAB+* 13 0.0306 0.0567 46 0.059332 0.055971 132 
HLAB*27 0.0318 0.0427 38 0.061508 0.058881 130 
HLAB+8 0.0321 0.0563 44 0.061987 0.058499 130 
G6PD*A- 0.0354 0.1098 70 0.067951 0.060487 66 
CHE2« (+) 0.0355 0.0149 21 0.06852 1 0.067497 59 
HLAB* 17 0.0432 0.0726 44 0.082622 0.076622 125 
HLAA*28 0.0532 0.0928 52 0.100709 0.091360 125 
HLAB*7 0.0534 0.0667 34 0.101009 0.094271 131 
HLAA*3 0.0535 0.0804 43 0.101058 0.092933 132 
HLAA* 1 0.0543 0.0782 41 0.102642 0.094612 131 
HLAB* 12 0.0566 0.0638 30 0.106691 0.099884 131 
PGD*C 0.0567 0.0703 35 0.106915 0.099401 241 
DIkA 0.0567 0.1367 74 0.106917 0.092305 191 
RH Dy 0.0608 0.0715 33 0.114151 0.105988 91 
HLAB* 22 0.0608 0.1871 87 0.114229 0.092852 126 
HLAB* 16 0.0620 0.1040 56 0.116341 0.104247 114 
HLAA*31 0.0638 0.1665 83 0.119330 0.099462 89 
MNS*NS 0.0691 0.0527 18 0.128539 0.121762 345 
HLAA* 10 0.0695 0.1062 55 0.129279 0.115551 182 
HLAA* 11 0.0749 0.1380 72 0.138570 0.119451 132 
IGHG1G3* 

za;bOb1c3c5 0.0763 0.1265 66 0.140032 0.122322 So 


(continued) 


140 


CHAPTER 2 


Table 2.12.1 (continued) 


IGHG1G3* 
Za;bOstb3b5 
HLAB* 15 
HLAB*5 
IGHG1G3* 
za;bOsb3b5 
IGHG 1G3* 
za;b0b1c3b4b5 
IGHG 1G3* 
Zax;g 
RH*cde 
HLAB* 35 
RH*cDe 
ABO*B 
C3+*F 
ABO*A1 
MNS*MS 
HLAB* 40 
ABO*A 
LPA*Lp(a+) 
PGM1*1 
RH*cDE 
FY*0 
IGHG 1G3* 
fa;b0b1b3b4b5 
GC*2 
MNS*S 
HP*1S 
FY*B 
KM+(1&1,2) 
ACP1*A 
BFeF 
HLAA*9 
HLAA*2 
GLO1*1 
IGHG1G3* 
Za;b0b1b3b4b5 
IGHG 1G3* 
fb0b1b3b4b5 
AG*X 
MNS*Ms 
IGHG1G3* 
Za;g 
GC*1S 
MNS*Ns 
GC*1F 
P1*1 
JK*B 
HP*1 
JK*A 
MNS+*M 
LE*Le 
RH*CDe 
PTC#T 
FY*A 
GPT*1 
SE*Se 
ABO+O 


0.0880 
0.0955 
0.0956 


0.0959 


0.1008 


0.1019 
0.1026 
0.1028 
0.1173 
0.1177 
0.1203 
0.1460 
0.1472 
0.1549 
0.1731 
0.1800 
0.1825 
0.1854 
0.2002 


0.2031 
0.2121 
0.2158 
0.2167 
0.2201 
0.2218 
0.2362 
0.2444 
0.2486 
0.2502 
0.2687 


0.2910 


0.3118 
0.3639 
0.3755 


0.3854 
0.3960 
0.4032 
0.4057 
0.4198 
0.4408 
0.4473 
0.4993 
0.5379 
0.5528 
0.5626 
0.5726 
0.5970 
0.6061 
0.6278 
0.7090 


0.1393 
0.1123 
0.0827 


0.1809 


0.2138 


0.1162 
0.1838 
0.1263 
0.3626 
0.0722 
0.0611 
0.0724 
0.1220 
0.1328 
0.0640 
0.0822 
0.0510 
0.1495 
0.7831 


0.5622 
0.0538 
0.1226 
0.0391 
0.2520 
0.1438 
0.0893 
0.1032 
0.1759 
0.0889 
0.1039 


0.4926 


0.4488 
0.2495 
0.1246 


0.3326 
0.1182 
0.2166 
0.1983 
0.1370 
0.0760 
0.1579 
0.0688 
0.1969 
0.1266 
0.2539 
0.1109 
0.3325 
0.1348 
0.1875 
0.1088 


99.9 


99.9 


0.160144 
0.172627 
0.172811 


0.171132 
0.179612 


0.182973 
0.183858 
0.184285 
0.206253 
0.207616 
0.211107 
0.249267 
0.250980 
0.261740 
0.286166 
0.294319 
0.297358 
0.301913 
0.313690 


0.322648 
0.334026 
0.338277 
0.337930 
0.341163 
0.344899 
0.360587 
0.368053 
0.373347 
0.375001 
0.392672 


0.407946 


0.426996 
0.460605 
0.468801 


0.473171 
0.476544 
0.481048 
0.478975 
0.486729 
0.491749 
0.494149 


0.499565 


0.496992 
0.493476 
0.491556 
0.488759 
0.480143 
0.476641 
0.466832 
0.412498 


0.137828 
0.153239 
0.158521 


0.140175 


0.141216 


0.161718 
0.150070 
0.161015 
0.131456 
0.192616 
0.198212 
0.231221 
0.220372 
0.226977 
0.267849 
0.270130 
0.282184 
0.256771 
0.068033 


0.141253 
0.316066 
0.296821 
0.324710 
0.255176 
0.295311 
0.328376 
0.330065 
0.307663 
0.341675 
0.351858 


0.206976 


0.235343 
0.345679 
0.410409 


0.315784 
0.420208 
0.376840 
0.383980 
0.420050 
0.454395 
0.416144 
0.465205 
0.399153 
0.431004 
0.366730 
0.434559 
0.320491 
0.412374 
0.379299 
0.367637 


373 
184 
442 
148 
409 
157 
278 
105 
174 
477 
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Table 2.12.1 (continued) 


BFS 0.7146 0.1334 
ALPP*S1 0.7227 0.0357 
ACP1*B 0.7488 0.0930 
PGM1*1 0.7848 0.0624 
ESD *1 0.7966 0.1103 
C3*S 0.8767 0.0604 
RH*D 0.8795 0.1776 
ADA* 1 0.9347 0.0540 
PEPA+* 1 0.9363 0.2314 
PGD*A 0.9416 0.0721 
TF*C 0.9668 0.0792 
Pil*M 0.9680 0.0361 
PEPC*1 0.9694 0.1149 
AK1* 1 0.9706 0.0488 
PGM2+ 1 0.9802 0.0695 
PGK1*1 0.9838 0.0804 
CHE 1*U 0.9876 0.0199 
SOD 1*1 0.9924 0.2968 
LDH*A 0.9957 0.0197 
PEPB*1 0.9976 0.0123 
MDH1* 1 0.9981 0.0242 


Calculations of local homozygosity were also made for 
each locus and each map point from the gene-frequency 
maps, and averaged over all loci. A map of homozygos- 
ity was thus generated (fig. 2.12.1). 

Average homozygosity is highest in the more isolated 
populations. A world map cannot show all the details. 
In some cases small or highly endogamous populations 
are located near others that are not small or highly en- 
dogamous, and the map cannot resolve the difference 
but merely shows the local heterogeneity. In general, as 
drift becomes more powerful, homozygosity increases. 
Hence, figure 2.12.1 is to a large extent, a map of drift, 
but other factors may also determine homozygosity. 

Homozygosity varies in the world map from 0.63 to 
0.79. The lowest values (and hence highest heterozy- 
gosities) are in the region that is geographically central 
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0.405454 0.351356 39 
0.399903 0.385609 29 
0.375902 0.340955 262 
0.337641 0.316559 278 
0.323752 0.288048 172 
0.215678 0.202657 56 
0.211734 0.174128 443 
0.122083 0.115487 162 
0.118232 0.090869 67 
0.109931 0.102005 241 
0.064246 0.059156 338 
0.061888 0.059652 71 
0.058537 0.051814 29 
0.056973 0.054191 205 
0.038722 0.036031 139 
0.031951 0.029383 48 
0.024468 0.023982 69 
0.015107 0.010623 47 
0.008617 0.008447 125 
0.004732 0.004674 84 
0.003766 0.003675 116 


to the history of population movements; the Middle 
East, extending to southern, central, and eastern Europe 
and western Asia. This is very reasonable, since the 
region of confluence of the diverse human populations 
must have the highest heterozygosity. There is also a 
possible source of bias that cannot be evaluated today 
but should not be forgotten; most human polymorphisms 
were found in Europeans, and results might be differ- 
ent if the initial search for polymorphisms had been 
carried out in another population. However, the major- 
ity of polymorphisms other than HLA—for example, 
most blood-group systems and electrophoretic polymor- 
phisms of enzymes—were found by British scientists 
using samples primarily of the London population. The 
United Kingdom does not have the highest heterozygos- 
ity, and in fact is in the second homozygosity class with 


i = 


Fig. 2.12.1 A world map showing 
average genetic homozygosity. 
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the rest of northern Europe, most of India, and northern 
and eastern Africa. HLA has also been studied mostly in 
Europeans and people of European origin. The fractions 
of “blanks” (the sum of all unknown alleles at a locus, A 
or B), are expectedly lower for Europeans than for Ori- 
entals or Africans, but without a direct search of poly- 
morphisms independent of ethnic origin, one cannot state 
which fraction of the differences is due to this bias and 
which is real. Since RFLPs are usually fully codominant, 
they may offer an answer to the question of blanks and 
of selection in a particular ethnic group. Unfortunately, 
all RFLPs examined until now have been selected almost 
entirely in Europeans. Heterozygosity for RFLPs is also 
higher in Europeans than in all other groups (Bowcock 
et al. 1987, 1991), but the difference is not too high and 
is quite comparable to that observed here. In order to 
avoid this bias in the future, new DNA polymorphisms 
must be selected from five or six different ethnic groups, 
ranging from Africans to Australians. 

Northeast Asia has most of its homozygosity frequen- 
cies in the third class, increasing to the fourth in the ex- 
treme north and northeast (where Arctic living conditions 
generate considerable isolation) and in the more periph- 
eral eastern and southeastern ends (Japan, South China, 
Southeast Asia). In New Guinea and Australia, there is 
a fairly abrupt transition to the highest homozygosities 
observed in the world, probably because of greater drift 
in the early settlements (fewer founders) and a smaller 
contribution from later migrations than in all other parts 


2.13. CORRELATIONS WITH CLIMATE 


In a previous study (Piazza et al. 1981b), we system- 
atically analyzed the variation of gene frequencies and 
their principal components associated with latitude and 
longitude. Longitude showed a major effect, not sur- 
prisingly, given that most of human genetic variation 1s 
placed on an east-west axis that reflects the most impor- 
tant population movements. This contrasts with results 
from anthropometric measurements (see sec. 2.2). Some 
individually tested genes, however, were correlated with 
distance from the equator, indicating a climatic effect. 
Another study of correlation with climate was made for 
HLA (Piazza and Menozzi 1984) and for other markers 
(Piazza and Menozzi, unpubl.) separating temperature 
and humidity. This confirms an earlier finding by Piazza 
et al. (1980) who show that latitude plays a significant 
role, responsible for perhaps 10% of the HLA total ge- 
netic variation. The dissection of climate effects from 
history is not easy, but correlations with climate, if one 
can eliminate historical causes from them, are very likely 
to depend on selective effects. 

We have repeated a similar analysis on the more abun- 
dant data collected in the present survey. Climatic data 
from 1473 localities (Great Britain Meteorological Office 


of the world. America has higher homozygosity than 
East Asia, indicating that the migrations from Northeast 
Asia also involved a loss of heterozygosity because of 
the limited number of founders (or later effects of drifts), 
which was not, however, as marked as for Oceania. The 
slightly higher heterozygosity in the east-central region 
of North America is probably due to admixture with 
Caucasoids. 

Homozygosity for all non-HZLA loci is only slightly 
higher than the overall average given above; the map is 
not given, being almost superimposable on that of figure 
2.12.1. The two HLA loci have much lower homozy- 
gosity, as expected, as they have many more alleles than 
the non-HLA loci but much greater variation is found in 
local HLA homozygosities: from 0.10 to 0.51. The gen- 
eral picture remains the same, but there is less difference 
between Africa and Europe + West Asia, or between the 
Americas and Australia. 

The observation that heterozygosity is greatest among 
Caucasoids is certainly linked with the finding that Cau- 
casoids are genetically intermediate between Africans 
and East Asians (see sec. 2.3 and 2.4) and are believed 
to derive from admixtures between ancestral populations 
giving rise to these ethnic groups. This hypothesis can 
explain both findings of a higher heterozygosity of Cau- 
casoids and of their origin by admixture. The problem 
of bias resulting from selection of European polymor- 
phisms, nevertheless, must be settled before one can put 
complete confidence in any conclusions. 


1968) were subjected to a principal-components anal- 
ysis. The 10 climatic variables employed are listed in 
table 2.13.1. 

A principal-component analysis of the 10 climatic 
variables showed that 95% of the variation was ex- 
plained by the first three PCs. Because January and July 


Table 2.13.1. First Three Principal Components of Climate: the 


Percentage of Variance Explained and Correlations (x 100) with the Ten 


Climatic Variables 
1. Maximum temperature in January 
3. Maximum temperature in July 
5. Maximum annual temperature 
7. Maximum annual humidity 
9. Average annual precipitation 


2. Minimum temperature in January 
4. Minimum temperature in July 

6. Minimum annual temperature 

8. Minimum annual humidity 

10. Number of rainy days in a year 


SS a I I I IS 


% of Climatic Variables 
Valgnce: 
P.C. Explained 17 ce 3 4 &§ © F 8 93 106 
1 51 91 86 92 91 98 92 -60 -66 14 -58 
2 28 33 45 -20 13 18 37 70 67 93 70 
3 16 -21 -16 23 36 -8 -2 16 20 4 -18 
Total 95 


*P.C., Principal component. 
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Fig. 2.13.1 Geographic distribu- 

tion of the first principal compon- 
ent of climatic data. The range 
between the maximum and min- 
imum values of the PC has been 
divided into eight equidistant classes. 
The direction of increase of PC val- 
ues is arbitrary. 
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Fig. 2.13.2 Geographic distribu- 
tion of the second principal com- 
ponent of climatic data. The range 
between the maximum and mini- 
mum values of the PC has been di- 
vided into eight equidistant classes. 
The direction of increase of PC val- 
ues is arbitrary. 
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Fig. 2.13.3 Geographic distribu- 
tion of the third principal com- 
ponent of climatic data. The range 
between the maximum and mini- 
mum values of the PC has been di- 
vided into eight equidistant classes. 
The direction of increase of PC val- 
ues is arbitrary. 


BE 


temperatures have opposite meanings north and south of 
the equator, they were exchanged when going from the 
northern to the southern hemisphere. The PC correlations 
with the 10 climatic variables are also given in table 
2.13.1. The geographic distribution is shown in figures 
2,13.1-=2,13;3: 

The first PC shows very strong correlations with ab- 


solute temperatures, the second is most highly corre- 
lated with humidity, and the third is correlated with sea- 
sonal variation (the temperature difference between Jan- 
uary and July). 

The study of correlations between the gene frequen- 
cies of the 122 genetic markers and the climatic PCs 
has shown only 5 correlations above 0.50 for the first PC, 
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Table 2.13.2. Genes Showing the Highest Correlations with the 
First Three Principal Components of Climate 


Range of 

Correlation 
P.C." Coefficient Genes 
1 0.70-—0.60 (+) ACP1*B 


(-) RH*cDE 
0.60-0.50 (+) BF*F 
(-) HLAB*27, RH*E 
0.50-0.40 (+) IGHG1G3*za;b0b1b3b4b5, RH« D», 
GPT+1 
(-) HLAB*5, MNS*M, HLAA*2 
0.40-0.30 (+) RH*cDe, HLAB+13, HLAA*10, MNS*Ns, 
HLAB+ 22 
(-) MNS*MS, MNS*Ms, MNS*S, TF*C 


2 0.50-0.40 (+) HP*1 
(-) ABO+A, GC*1, LE*le 
0.40-—0.30 (+) HLAB*15, DI#A 
(-) HLAA*10, ABO+A1 


3  0.60-0.50 (+) HLAA*?11 
ie ome 
0.50-0.40 (+) ABO*B 
(-) JK*A, ADA* 1 
0.40-0.30 (+) AG*X, RH*CDe, HLAA*33, HLAB+5, 
MNS#*NS, TF*C 
(-) AK1*#1, GC*1, MNS*He, RH*cDe, 
KM+(1&1,2), PGD*A 
Note.— Genes giving positive or negative correlation values are indicated by 


(+) or (-), respectively. 
* P.C., Principal component. 


none for the second, and 14 for the third. Altogether 
19 correlations (of 366 studied) were above 0.30. More 
work is necessary to give a valid significance threshold, 
because the grid points (the interpolated gene-frequency 
values for each gene map) as well as the climatic PCs 
are all intercorrelated. We limit our consideration to the 
highest correlations, which are most likely to be highly 
significant by any criterion. 

The genes giving correlation coefficients higher than 
0.30 are listed in table 2.13.2. Several of them were 
found to be significant in the previous analyses (Piazza et 
al. 1981b; Piazza and Menozzi 1984 and unpubl.). One 
of the highest correlations with temperature observed is 
for Acid Phosphatase (ACP/), which has been reported 
previously (Ananthakrishnan and Walter 1972). 

The correlation of the second climatic PC (tropical 
humid climate) with the Diego blood group (D/*A) con- 
firms earlier findings by Wilson and Franklin (1968). 

A study of the correlations between principal compo- 
nents of climate and those of gene frequencies shows 
(table 2.13.3) that the second PC of genes has an im- 
portant correlation with the first PC of climate. The cor- 
relation is negative because the second PC of genes is 
lowest where the temperature is highest. In fact, the first 
PC of climate takes its highest values in northern Africa, 


Table 2.13.3. Correlations between Principal Components of 
Climate and of Gene Frequencies (x 1000) 


Climate PC 

GenePC 
1 -49 3 17 
-483 126 166 

3 313 48 -463 

4 -110 -575 -249 

5 137 125 -272 

6 565 106 241 

ri 271 -224 145 


northern Australia, and northern India. The first climatic 
PC is also positively correlated with the sixth genetic PC, 
which has its lowest values in extreme northern regions. 
The second climatic PC, which is highest in regions with 
tropical forests and therefore corresponds to a hot, humid 
climate, correlates negatively with the fourth genetic PC, 
which is lowest in many hot and humid regions. Finally, 
the somewhat enigmatic third climatic PC, which peaks 
in some hot and humid regions, in particular the Persian 
Gulf, correlates negatively with the third genetic PC, 
which has some of its lowest values in humid areas. 
Other areas known to be hot and humid have high values 
for the third genetic PC, making the interpretation of this 
climatic pattern relatively obscure. 

Some of the correlations between genes and climate 
are probably spurious, given that it is difficult to sep- 
arate historical from ecological sources of association. 
Some evidence may come in the future from physio- 
logical information. Another method of analysis of po- 
tential effects of natural selection, Fst, might be useful 
for confirming whether some of these genes have vari- 
ation above that expected on a random basis. One can- 
not expect the agreement to be high, for a variety of 
reasons. Climate is not the only source of natural selec- 
tion. Moreover, history may cause a discrepancy between 
the two approaches. For instance, FY*O shows a very 
strong variation by Fs; and a dubious correlation with 
climate. The reason for the latter is that FY*O is found 
at high frequencies in tropical Africa but not in other 
tropical areas of the world. The gene probably arose rel- 
atively recently in Africa after ethnic separation and did 
not spread elsewhere, or the resistance conferred against 
malaria does not extend to non-African areas. Other in- 
terpretations of the evolution of FY*O have been offered 
(see sec. 2.10). 

A systematic attempt was made at correlating the 
indication of disruptive selection available from Fer 
values with that arising from correlation with climatic 
data. Because of the nonnormal nature of both distri- 
butions, the Fsy of a gene and its correlation with the 
first climatic PC (and, separately, its correlation with the 
second climatic PC) were replaced by their percentiles. 
A Pearsonian correlation was calculated between the per- 
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centile corresponding to Fsr (given in table 2.12.1) and 
the percentile of the correlation for the same gene and a 
climatic PC. For both climatic PCs, the correlations did 
not differ significantly from zero. There is no indication, 
therefore, that the major factor determining high F's;’s 
is climate. 

Clearer correlations with climate originate for anthro- 
pometric traits. A classical trait is skin color, on which 
climate acts in many ways. By absorbing ultraviolet rays, 
a dark skin is advantageous in protecting against solar 
erythema and skin carcinomas, but it is a bar against 
production of vitamin D in the lower skin layers. Es- 
pecially when the diet provides little or no vitamin D, 
a white skin is necessary in high latitudes. A diet espe- 
cially poor in vitamin D may have been characteristic of 
the farmers who came to Europe from the Middle East 
and slowly made their way to Northern Europe, where 
they arrived about 5000 years ago. If this is true, then 
the white skin color of Northern Europeans evolved in 


medium dark 


Fig. 2.13.4 Geographic distribution 
of skin color, classified in eight 
grades according to the standard 
Luschan scale of skin darkness 
(after Biasutti 1959, p. 192, 

table 4). 


very dark 


= 


the last 5000 years from a light-brown color character- 
istic of Caucasoids from West Asia and North Africa. 
Skin color, however, is probably also under sexual se- 
lection which, according to Darwin, was of great im- 
portance in shaping the present looks of a.m.h. There 
is no possibility of investigating the tastes of people who 
have been dead for thousands of years, and there is little 
hope, if any, of being able to test satisfactorily Darwin’s 
hypothesis, at least as far as the past is concerned. The 
present geographic distribution of skin color is shown in 
figure 2.13.4. 

At least three or four different genes (Harrison and 
Owen 1964; Stern 1973) contribute to skin pigmenta- 
tion. Such polygenic systems can be analyzed only su- 
perficially; there is also an interaction with customs, be- 
cause skin color is affected by individual exposure to the 
sun. Molecular genetic approaches can, however, effect 
the resolution by linkage analysis or, better, by identify- 
ing the genes involved. 


2.14. AREA AND TIME OF ORIGIN OF MAJOR MUTANTS, WITH SPECIAL ATTENTION 


TO HEMOGLOBINS 


Our study has largely been restricted to major alleles, 
for which data were available in an adequate number 
of populations. The great majority of these alleles are 
present in all continents, with few exceptions. At least 
in some cases, the geographic distributions do suggest, 
however, possible places of origin of some alleles. In the 
absence of a study at the DNA level of the great majority 
of these alleles, there is potential confusion when pheno- 


typic similarity hides genetic diversity. Even when DNA 
analysis shows identity, the possibility of repeated inde- 
pendent origin of the same mutation should be consid- 
ered. With the number of individuals living today, and a 
mutation rate of 10~? per nucleotide, the same mutation 
may occur in more than one individual every generation. 
But a few thousand years ago, the human population was 
much smaller than now. At the end of the Paleolithic, it 
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is likely to have been one thousand times less. Recur- 
rence of the same mutation can still-be expected to have 
happened at these earlier times, but only if we consider 
the accumulation of the chance for mutations to occur 
over a period of a thousand generations. 

Anew mutation is not necessarily going to spread rapidly 
in a population, unless it has a strong selective advantage. 
Even so, it is subject to considerable drift in the first few 
generations, when there are only one or a few individuals 
carrying the new mutation. In fact, in this early period af- 
ter its origin when the new mutation is exposed to strong 
drift, it may have approximately a one-third chance of be- 
ing eliminated, even if it is very advantageous. 

We dedicate special attention in this section to hemo- 
globin mutants and their origins. A full list is given by 
McKusick (1990). We did not include hemoglobin mu- 
tants among the markers used in our genetic analyses be- 
cause, for most of them, their diffusion is clearly linked 
to the presence of malaria. They therefore mark the geo- 
graphic distribution of this disease and only secondarily 
can be helpful in tracing historical origins. We report 
here maps of geographic distribution of the major alleles 
prepared by Guglielmino-Matessi et al. (unpubl.) on the 
basis of the data given in the tabulations by Livingstone 
(1985), to which we also refer. 

We first consider the most important polymorphism, 
hemoglobin S, which was also the first example of 
heterozygous advantage of a single gene detected in 
humans or described in detail in any living organism. 
The original suggestion of the selective mechanism and 
its connection with malaria goes back to Haldane (1949) 
and is based on the parallel geographic diffusion of this 
parasite and the genetic disease. The first direct evidence 
was described by Allison (1954a, b). All hemoglobin S 
mutants found in the world are apparently identical not 
only at the protein level, but those investigated, at least, 
involve the same nucleotides. The protein change is due 
to substitution of the sixth amino acid of the B chain 
of hemoglobin, glutamic acid, by valine, which deter- 


80 A 


mines a change in the physicochemical properties of 
the hemoglobin molecules. Unlike normal hemoglobin 
(called A), hemoglobin S tends to crystallize at low oxy- 
gen tension, to which red cells are occasionally sub- 
jected, causing “sickling” of the red cell. This phe- 
nomenon is responsible in S homozygotes for the disease 
known as sickle-cell anemia. S homozygotes are not, 
however, protected against malaria. The AS heterozygote 
is normal clinically but, having about half hemoglobin 
S and half A, is partially protected against Plasmod- 
ium falciparum, the most dangerous malarial parasite. 
The precise mechanism by which the heterozygous state 
confers protection is not yet completely clear (Luzzatto 
et al. 1985), but the fact itself is well ascertained. 

The hemoglobin S mutant can spread rapidly in the 
presence of malaria but tends to stabilize around the 
gene frequency of 10%. Individuals homozygous with 
the hemoglobin S mutation have a high probability of 
dying before maturity, and hence the S§ allele cannot 
replace the normal A allele. Although a balanced poly- 
morphism will originate in the presence of malaria, in its 
absence, the mutant is eliminated or remains at a low fre- 
quency. Calculations have shown that the gene frequency 
observed—for example, in West Africa—is likely to be 
close to the equilibrium frequency, because it is precisely 
the stable value expected with the natural selection (the 
Darwinian fitness of the AA, AS, SS genotypes) observ- 
able today in malarial areas. The relative fitnesses of the 
three genotypes in the presence of malaria were calcu- 
lated by comparing the frequencies of the genotypes in 
young children and in adults, that is, before and after 
selection. Starting from one mutation in a population of 
50,000 individuals, the process for reaching the equilib- 
rium value takes about 2000 years (Cavalli-Sforza and 
Bodmer 1971a). This is a minimum time, however, and 
genes for sickle-cell anemia may have been around much 
longer. 

The map of the present gene-frequency distribution of 
the hemoglobin S gene is shown in figure 2.14.1. There 


Fig. 2.14.1.A Geographic distribution 
of hemoglobin § available data points 
in the world. Symbols are described in 
table 1.14.1. 
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Fig. 2.14.1.C Geographic distribution of hemoglobin S$ da- 
ta points in Africa. Symbols are described in table 1.14.1. 


are several peaks of gene frequencies on the geographic 
map. It is customary to distinguish at least four types 
called Bantu (East and Central Africa), Benin (Nige- 
ria), Senegal (extreme West Africa), and Saudi (Saudi 
Arabia and India). The four types differ in the degree of 
severity, possibly because of other associated and closely 
linked mutations, because the mutations of the hemoglobin 
S gene are indistinguishable except for closely associ- 
ated RFLP markers (Antonarakis et al. 1982, 1984a, b; 
Pagnier et al, 1984; Kuzolik et al. 1986; Chebloune et 


SEA 


Fig. 2.14.1.B Geographic 

distribution of hemoglobin S$ 
in the world. Numbers indi- 
cate the gene frequency (%). 


Fig. 2.14.1.D Geographic distribution of hemoglobin S 
in Africa. Numbers indicate the gene frequency (%). 


al. 1988). The constellation of these markers in chromo- 
somes carrying the $ mutation—that is, the associated 
haplotype —is in general similar to that in chromosomes 
of the same geographic region not carrying the S gene. 
Local haplotypes may vary considerably from one pop- 
ulation to another (see, e.g., table 2.4.1); S mutations 
are observed in more than one haplotype in the same re- 
gion, indicating that the mutation arose some time ago. 
When S$ mutations from widely different locations are 
found in different haplotypes, usually those locally com- 
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Fig. 2.14.1.E Geographic distribution of hemoglobin S$ in 
the Americas. Numbers indicate the gene frequency (%). 


mon in non-S haplotypes, this is taken as evidence that 
they result from independent S$ mutations. This conclu- 
sion is reasonable, but weakened by the possibility that 
crossing-over, or more probably gene conversion, which 
may be more effective than ordinary crossing-over, has 
introduced an § mutation of foreign origin into a local 
haplotype. 

Two thousand years ago, only a hundred million in- 
dividuals or so might have lived in the malarial areas 
of the world (see table 2.1.2). Between, say, 3000 and 
2000 years ago, there would have been a good chance 
that more than one mutation arose among these people 
even if the mutation rate were as low as 107”. The ori- 
gin of some of these mutations may also be much older; 
2000 years is a minimum age. There is no complete as- 
surance from haplotype studies that separate $ mutations 
have occurred, because crossing-over or gene conversion 
occurs more frequently than mutations and could bring 
the mutation introduced by an immigrant individual into 
the most common local haplotypes. A simulation (Liv- 
ingstone 1989) indicates that enough time has lapsed 
for a single sickle-cell mutation that initially occurred 
in Africa to migrate to India. There is however, no ade- 
quate study of the time needed for intermingling at the 
haplotype level. 

Another hemoglobin, C, occurs commonly in West 
Africa in part of the area of spread of one type of S 
hemoglobin (fig. 2.14.2). It involves replacement of the 


Same amino acid changed in hemoglobin S (the sixth of 
the B chain, glutamic acid), but to another amino acid 
(lysine). On the basis of RFLP haplotypes there was only 
one mutational origin of hemoglobin C. The question of 
its role in protection against malaria has been debated 
(Cavalli-Sforza and Bodmer 1971a; Livingstone 1976). 

Hemoglobin D is polymorphic in Africa and in South 
Asia (fig. 2.14.3). The D label originates from the elec- 
trophoretic classification, and in this case as in others, 
it hides differences that were later detected at the pro- 
tein level. At least two major hemoglobin D mutants 
have achieved polymorphic status in different parts of 
the world. Hemoglobin D Punjab is a replacement of 
glutamic acid with glutamine at position B 121, and is 
spread fairly widely in South Asia, with a probable cen- 
ter of origin in northwestern India. Hemoglobin D Ibadan 
involves replacement of threonine with lysine at B 87. 
The highest frequency is in West Africa and might mark 
the center of origin. A different hemoglobin D (Bush- 
man) is centered in northern Namibia and involves the 
replacement of glycine with arginine at B 16. Other D 


hemoglobins have less well characterized origins. It is 


difficult to say if they were spread by malarial resis- 
tance. Current information on the prevalence of this dis- 
ease may not correspond to the geographic distribution 
of earlier times. The coincidence of the area of spread 
of hemoglobin D in West Africa with a probable area 


Fig. 2.14.2 Geographic distribution of hemoglobin C in 
Africa. Numbers indicate the gene frequency (%). 
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of demic diffusion resulting from agricultural develop- 
ment in West Africa (discussed further in chap. 3), sug- 
gests another possible mechanism of diffusion. This poly- 
morphism may have been common under drift (or selec- 
tion) in the farmers’ population that spread from this area 
in the early Neolithic. Some indication that may enable 
us to choose between the hypothesis of spread of a neutral 
or nearly neutral polymorphism and protection against a 
specific disease like malaria can come from study of the 
fitness of an adequate number of homozygotes for the 
mutant in the presence of malaria. But the numbers of 
individuals necessary for obtaining significant results are 
extremely large (Cavalli-Sforza and Bodmer 1971a). 
Hemoglobin E is common in Southeast Asia (fig. 
2.14.4). It is caused by replacement of glutamic acid by 
lysine at B 26. Two independent mutations are suggested 
by haplotype studies (Antonarakis 1982). Evidence in 
favor of malarial protection comes from the observation 
that there is a difference in frequency of hemoglobin EF 


Fig. 2.14.3 Geographic 
distribution of hemoglobin D 
in the world. Numbers indi- 
cate the gene frequency (%). 


in populations living short distances apart but in eco- 
logically different areas: hilly and mountainous versus 
plains regions. In the Mediterranean, malaria is com- 
mon in swampy coastal areas and rare in mountainous 
ones, but in Southeast Asia, Anopheles minimus, the 
vector of the malarial parasite, is adapted to forests in 
hilly and mountainous areas. Hemoglobin E is more fre- 
quent in these areas than in the plains, in parallel with 
the prevalence of malaria (Flatz 1967). 

Another important group of hemoglobinopathies with 
a geographic distribution closely paralleling malaria 
is that of the serious hereditary anemias called thal- 
assemias. The group name comes from the Greek word 
for sea (thalassa), because they were first found in peo- 
ple of Mediterranean origin. There is usually no struc- 
tural change of the hemoglobin molecule. In the two 
most important classes of thalassemia, red blood cells 
have low or zero concentrations of one or the other of 
the two chains, a and B, forming the normal hemoglobin 
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748 Fig. 2.14.4 Geographic distribution 
of hemoglobin E in Asia. Numbers 
indicate the gene frequency (%). 


150 170 


150 CHAPTER 2 


Fig. 2.14.5.B Geographic distribution of a-thalassemia 
in Africa. Numbers indicate the gene frequency (%). 


molecule. The a-thalassemias (figure 2.14.5) are the re- 
sult of a deletion of one or both of the a-genes, which 
are present in duplicate on normal chromosome 16. One 
of the two genes (@2) is more easily affected by poly- 
morphic deletions. A normal individual has four a genes; 
a homozygote for the deletion of both al and a2 un- 
dergoes fetal death. The disease is usually observed in 
patients with a total of two a@ chains, for example, a 
homozygote for the deletion of one chain or a heterozy- 
gote for the double deletion. Ordinarily, an individual 
with three chains is clinically normal. Although the evi- 


Fig. 2.14.5.A Geographic 

distribution of a-thalassemia 
in the world. Numbers indi- 
cate the gene frequency (%). 


dence is indirect, a thalassemia probably protects from 
malaria. In a south Nepalese population, the Tharus, an 
a-thalassemia mutation, has reached a frequency of 80%; 
it is estimated to confer a 10-fold resistance to malaria 
inthe homozygote. This is by far the highest frequency ever 
observed in a population and became available too recently 
for inclusion in the map (G. Modianoetal., pers. comm.). 
a thalassemia is widespread in various parts of Africa, the 
Middle East, Arabia, India, and Southeast Asia. 
Thalassemias of the B chain (chromosome 11) have 
been generated by a great variety of mutations (fig. 
2.14.6 A-D). In some, called B®, no B globin is made. 
One of these, 8°39, is common in the Mediterranean 
and especially in Sardinia: the B-chain production is 
stopped by a terminator mutation. Other different mu- 
tations of B° type are found, for instance in India and 
China. Most mutations are of B* type and produce a 
certain amount of 6 globin. There is an extraordinary 
variety of B* mutants, all affecting in different ways 
the regulation of B globin production and leaving intact 
the globin structure. The clinical picture is less serious 
than that of the B° mutants. The overall geographic dis- 
tribution resembles that of a, but B thalassemia is more 
common in Europe and Africa, and less common in East 
and Southeast Asia. There is usually a clear-cut paral- 
lelism between its geographic distribution and that of 
malaria, keeping in mind that this disease was once com- 
mon but has been completely eradicated, for instance, 
in many parts of Europe. The geographic distribution 
in the Mediterranean, where the disease is frequent has 
been studied rather intensively. Figure 2.14.7 shows the 
main locations where mutants identified at the molecu- 
lar level are found. There is a correlation between the 
early migrations of Phoenicians, Carthaginians (see sec. 
5.2), and Greek colonists, which are known historically, 
and the distribution of some major molecular mutants. 
Haplotypes (not given) also help in the detection of 
major migrations. This correspondence sets the date 
of origin of most mutants, or at least of their arrival in 
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Fig. 2.14.6.A Geographic distribution 
of B-thalassemia data points in the 
world. Symbols are described in table 
1.14.1. 


Fig. 2.14.6.B Geographic 

distribution of 8B-thalassemia 
in the world. Numbers indi- 
cate the gene frequency (%). 
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Fig. 2.14.6.C Geographic 
distribution of 8-thalassemia in 
Asia. Numbers indicate the gene 
frequency (%). 
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Fig. 2.14.7 Locations and molecular types of mutants of 
f-thalassemia in the Mediterranean (from Cao et al. 1989). 


the colonies established by these people, at 2500-3000 
years ago. Several mutations almost certainly originated 
earlier than 3000 years ago in the places of origin of the 
colonists. 

The region between the B- and the 6-globin genes 
is responsible for the switch from the production of y 
globin, contained in the fetal hemoglobin to that of B- 
globin, characteristic of the adult. The switch is gradual 
and occurs around the time of birth. Certain deletions of 
the B-6 region and other mutations in this region cause 
the persistence of fetal hemoglobin, which completely 
replaces adult hemoglobin in the homozygote. Heterozy- 
gotes have a proportion of fetal hemoglobin, which, in a 


in Europe. Numbers indicate 
the gene frequency (%). 
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common #-6 deletion (HPFH or hereditary persistence 
of fetal hemoglobin) amounts to 17%-35% of the total 
in the adult. This condition, clinically benign, relieves 
some of the symptoms of sufferers of B-thalas-semia 
and other B-hemoglobin defects including sickle-cell 
anemia. The geographic distribution of elevated fetal 
hemoglobin is shown in figure 2.14.8, and it tends 
to mimic to some extent the distribution of B-thalas- 
semia. 

Hemoglobin mutants all have restricted areas of dis- 
tribution and usually confer a strong selective advantage 
on heterozygotes and a strong disadvantage on homozy- 
gotes. Their frequencies can therefore increase rapidly, 
but must stop as soon as a relatively low equilibrium 
frequency has been reached. The mutants are, of neces- 
sity, confined to areas of diffusion of the parasite against 
which the heterozygote is protected. This is not neces- 
sarily the case, however, for hemoglobin C; see fitness 
estimates in Cavalli-Sforza and Bodmer (1971a), and in 
vitro experiments cited by Luzzatto et al. (1985). 

Another gene that was shown by in vitro experiments 
to give total protection against the malarial parasite Plas- 
modium vivax is Duffy, in particular, the F Y*0 allele, 
which we have already discussed in section 2.10. Here 
the resistant genotype is the homozygote, with a com- 
pletely different dynamics. 

Glucose-6-phosphate dehydrogenase (G6PD) _ has 
given rise to several partially deficient mutants 
(G6PD*def) which confer resistance to malaria (see 
also sec. 2.10). It is sex-linked, and therefore heterozy- 
gotes exist only in females. Males are either G6PD de- 
ficients or normal, but the G6PD deficiency state does 
not confer protection against malaria. Rather, G6PD 
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deficiency individuals may have lower fitness because 
they are prone to neonatal jaundice, and in regions where 
malaria is endemic have even higher parasite counts than 
do normal individuals; heterozygous women, however, 
have lower parasite counts and are protected against P. 
falciparum (Luzzatto et al. 1985). 

Maps of G6PD deficiency are shown with those 
of other genes for the World, Africa, Asia, Europe. 
The deficiency is observed also in New Guinea and 
in insular Southeast Asia. On the northeastern coast of 
South America, G6PD was imported most probably by 
African slaves. The map of the geographic distribution 
of the GGPD*A— is somewhat different from that of the 
G6PD «def type, coming from independent data. 

Many other genes may be involved in resistance to 
malaria, but those listed above are likely to be most 
important. 

The malarial parasite must have been with humans for 
a long time, perhaps for the entire existence of the genus 
Homo, given that various species of malarial parasites 
are common in many other mammals including pri- 
mates. The four species of malarial parasites in humans 
are not shared with other mammals. Various authors 
have suggested that the spread of agriculture has greatly 
favored the diffusion of malaria, because deforestation 
increases the chances of growth of malarial vectors. This 
can hardly be true, however, of Southeast Asia, where 
malaria persists in the forested areas. Another observa- 
tion that shows that the diffusion of malaria in Central 
Africa must antedate the arrival of agriculture is that 
Mbuti Pygmies, who are hunter-gatherers and have only 
recently started practicing some agriculture, have one of 
the highest frequencies of hemoglobin S in the world 
(Cavalli-Sforza 1986). Malaria has been responsible for 
selecting a great number of mutants that confer resistance 
to it, not surprisingly because directly or indirectly it is 
probably the number one killer in tropical and subtrop- 
ical areas. The present geographic distribution of malaria 


Fig. 2.14.8 Geographic 
distribution of elevated fetal 
hemoglobin in the world. 


is shown in figure 2.14.9. It should be noted that malaria 
was once more wide spread than it is today. 

The situation is different for possible heterozygotus 
advantages observed in diseases unrelated to malaria. In 
the case of cystic fibrosis, heterozygous advantage has 
not been directly proved, but a possible mechanism for 
it has been suggested: the heterozygote may be more 
resistant to disturbances of saline metabolism caused 
by infantile diarrhea (Quinton 1982). Serious loss of 
sodium chloride is a major symptom of cystic fibrosis, 
and the cystic fibrosis gene is believed to be involved 
in chloride storage and elimination. The disease is com- 
mon in all Europeans and perhaps other Caucasoids, 
and therefore may have originated at least 10 kya. One 
mutant allele (involving the deletion of three nucleotides 


Fig. 2.14.9 Geographic distribution of malaria in the 
world before 1950 (after Allison 1961; data from Boyd 
1949). 
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and therefore one amino acid) is very frequent, reaching 
approximately 70% of all known mutants determining 
the disease. Its distribution in Europe is shown in figure 
2.14.10. The frequency at birth of the disease itself is 
less well known, but is found, on the average, in 1| of 
2000 of all births in Europe. It varies somewhat from 
country to country, but the frequency of a genetic disease 
is not always easy to estimate accurately. 

Very recent data indicate that the relative frequency of 
the common allele for cystic fibrosis (A F'-508) is espe- 
cially high in a relatively small sample of Basques (see 
fig 2.14.10). The geographic spread of the frequent allele 
is quite similar to the first synthetic map for Europe and 
therefore to that of the Mesolithic (pre-Neolithic) Euro- 
pean gene pool. The conclusion would be that the most 
common cystic fibrosis allele in Europe is older than the 
spread of agriculture and must have been especially fre- 
quent among Mesolithics, while most other alleles come 
from the Middle East or originated in Europe after the 
Neolithic diffusion. 


Fig. 2.14.10 Geographic distri- 
bution in Europe of the frequency 
(%) of A F-508 cystic fibrosis mu- 
tant, relative to other mutants de- 
termining the disease (data from 
European consortium on cystic 
fibrosis; modified from Devoto 

et al. 1990). 


Many of the polymorphisms conferring resistance to 
malaria and other diseases may be relatively young; 
but the great majority of polymorphic alleles that we 
have studied in sections 2.10 and 2.13 are found in 
nearly all continents and therefore must have antedated 
the spread of a.m.h. Only a few are known at the 
DNA level, and it is impossible to say whether differ- 
ent mutations are hidden behind the same allele. The 
100 RFLPs studied in section 2.4, however, are likely 
to have had a unique mutational origin, and the great 
majority of them are found in all continents (except 
the Americas which have not yet been studied for 
these polymorphisms). There are reasons to think that 
most human polymorphisms are much older than the 
date of spread from Africa. Theoretically, in the ab- 
sence of selection, the average age of polymorphisms 
is comparable to that of the species. An estimate of the 
average time of appearance of the mutant allele of bial- 
lelic human RFLPs is 700,000 years (Mountain et al. 
unpubl.). 


2.15. A BRIEF SUMMARY OF HUMAN EVOLUTION 


The analysis of phylogenetic trees has used many 
different sets of data: nuclear polymorphisms tested by 
electrophoresis or immunological techniques, restriction 
fragment polymorphisms of nuclear genes, and mito- 
chondrial DNA. All methods show a somewhat greater 
difference between Africans and non-Africans than be- 
tween other human groups, and offer some information 
on dates supporting the interpretation that the origin of 
modern humans was in Africa, from which an expan- 
sion to the rest of the world started about 100 kya. The 


interpretation rests on the assumption that evolutionary 
rates are reasonably constant. Some further comfort is 
derived from the consideration that the rates involved 
in the evolution of polymorphisms of nuclear genes and 
those of mtDNA are different; the first are determined 
mostly by differences in gene frequencies separating two 
populations, and the second by numbers of mutations 
separating two individuals. The dates to which they lead 
for the bifurcation of Africans and non-Africans are 
different, being of the order of 100 kya and 200 kya 
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respectively. Given the ways in which these dates were 
obtained, this difference should be expected, with the 
second being greater than the first by an amount that has 
not been determined, but perhaps might be estimated on 
the basis of theoretical considerations. All in all, there is 
basic agreement between the trees obtained with mtDNA 
and with nuclear markers, the latter giving much more 
detail. It is worth remembering that naming the mito- 
chondrial ancestor “Eve” has generated the false belief 
that there was a time when there was only one woman 
alive. 

On the question of place of origin, the archaeological 
field is divided. A number of paleoanthropologists believe 
that modern humans originated in Africa, from which they 
spread to the rest of the world beginning about 100 kya. 
This is in agreement with the genetic data. A fairly large 
number of anthropologists reserve their opinion. Another 
group believes that the evolution of Homo sapiens, and 
perhaps even its predecessor H. erectus proceeded in par- 
allel all over the Old World, and there was no expansion 
from Africa. The mitochondrial data are, at this point, the 
most useful in helping to reject this hypothesis, given that 
the origin of extant types of Asian mtDNA is more recent 
than this hypothesis would imply. 

It is not yet possible, however, to exclude completely 
a partial participation of archaic H. sapiens from the Old 
World. New data and methods of analysis may help in 
this direction. What is very difficult to conceive is a par- 
allel evolution over such a vast expanse of land, given 
the limited genetic exchange that could have occurred 
in earlier times. The capacity of the human genus to ex- 
pand rapidly over a large fraction of the Earth’s surface is 
more in tune with the idea of specific expansions from a 
nuclear area of origin. Such expansions must have been 
determined by some important advantage, biological or 
cultural. It is not difficult to accept the idea that the 
expansion of modern humans must have been strongly 
influenced by the possession of greater skills in commu- 
nication by language. This increased ability to commu- 
nicate is likely to have been extremely useful in favoring 
exploration and travel to unknown lands. Other technical 
improvements may have favored a trend to expansion. 
Although modern humans have now been found to have 
lived outside of Africa (in the Middle East) by about 100 
kya, humans of this time in both Africa and the Middle 
East were biologically very similar to modern humans 
but culturally much less developed than at the time the 
real expansion began, perhaps 50 or 60 ky later. Many 
things may have happened in the meantime, in terms of 
cultural maturation and, perhaps, forward and backward 
movements between Africa and West Asia. Neanderthals 
are found in the Middle East after the earliest local ap- 
pearance of modern humans in the same areas, and it has 
been suggested that they may have gained, or regained, 
lost ground in that period. The time between 100 and 50 
kya (or, perhaps more exactly, between 90 and 60 kya) is 


currently a blank from an archaeological point of view. 
We hope that new discoveries will illuminate it. At the 
moment, the indications are that at the end of the blank 
period modern humans emerged with a new stone tech- 
nology and started a radiation that took them to Eu- 
rope, Australia and New Guinea, and America. Whether 
they partially mixed with or totally supplanted earlier 
inhabitants—for example, Neanderthals in Europe and 
archaic H. sapiens in East Asia—is difficult to state pre- 
cisely on the basis of present knowledge. 

Linguistic and cultural diversity increased conspicu- 
ously after that time, and the major linguistic families 
probably began less than 50 kya. Most of them are be- 
tween 25 and 5 ky old. Genetic dating of linguistic fami- 
lies can only be approximate, but it agrees with ideas ex- 
pressed by a few linguists. Moreover, the archaeological 
record shows increasing diversification, probably parallel 
with that of language. 

An unsolved problem is determining the route by 
which the East was reached. Differences between East 
Asia and Southeast Asia make it reasonable to hypothe- 
size that there might have been two routes, one through 
Central Asia and one through South Asia. Very little, 
if any, evidence of them exists today (fig. 2.15.1). The 
occupation of Australia and New Guinea was the major 
success story of the southern route, but it eventually led 
to an evolutionary cul-de-sac, as the separation between 
Oceania and Southeast Asia increased with the rising of 
the sea levels in the times after the last glaciation. It was 
only with the development of new nautical skills, 5000— 
6000 years ago, by South-East Asian populations who 
were also good farmers, that the Pacific routes were in- 
creasingly used. In the last 3000-3500 years, the expan- 
sion that generated the colonization of Polynesia began, 
most probably originating in a nuclear area in Southeast 
Asia. 

There are two weaknesses in the present analysis, 
which will certainly require future work. One of them is 
the very short branch linking Caucasoids and, in partic- 
ular, Europeans to the phylogenetic tree. One hypothesis 
is that they might have originated from an admixture 
between their southwestern and northeastern neighbors, 
Africans and Mongoloids, between which Europeans 
are sandwiched. One cannot completely exclude other 
hypotheses. Particularly serious is the possible bias re- 
sulting from the fact that almost all known genetic poly- 
morphisms have been detected in Europeans. It will be 
important to remove this bias, especially in future data 
collections. Another area of doubt is the relationship be- 
tween New Guineans + Australians, Southeast Asians 
and Northeast Asians. Our results have not settled this 
question unequivocally. It seems likely that the uncer- 
tainty arises because Southeast Asia is poorly known and 
may be heterogeneous, with some populations having an 
important genetic component in common with northern 
Mongoloids and others with people from Oceania. The 
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Fig. 2.15.1 Possible history and routes of expansion of modern humans in the last 100 ky. 


heterogeneity may be in part due to ancient admixtures, 
and the arrow of northern Mongoloids pointing south in 
figure 2.15.1 express these considerations. There are also 
some undeniable physical similarities between north- 
ern and southern Mongoloids, leading one to wonder 
whether they have more in common than shown by the 
trees of sections 2.3 and 2.4. In other words, a fully di- 
chotomous tree may be unsatisfactory in this part of the 
world, but more abundant and better evidence would be 
necessary for developing this explanation further. 

The passage from Asia to America was later than that 
to Australia or Europe, perhaps because it first required a 
genetic and cultural adaptation to the more rigid climates 
of Northeast Asia. Genetic data, however, seem to agree 
with an early arrival, perhaps around 30 kya; possible 
uncertainties are discussed further in chapter 6. 

Throughout the Paleolithic, population numbers re- 
mained small, leaving greater chance for random ge- 
netic drift to produce considerable diversification. Pop- 
ulation size of a continental or subcontinental area at 
the beginning of expansion may have been on the order 
of 50,000-—100,000 individuals. In the late Paleolithic, 
much of human action was in Asia, and the occupation 
of the rest of the world proceeded from this continent. 
Given the greater limitations on life in the north, Asia 
was like a relatively narrow, large landmass developed 
more in longitude than latitude. Because genetic diver- 
gence was subject more to random than selective forces, 
much of the gradient of the human gene pool goes from 
west to east. The first principal component therefore 


extends in this direction and explains 35% of the total 
human variation, showing only moderate, if any, influ- 
ence of climatic factors at the level of the nuclear genes 
investigated, but a greater influence on genetic factors in- 
volved in the adaptation of body build and bodily surface 
characteristics, which notoriously respond to climate. A 
dichotomy is thus observed between genetic data and 
observations based on the physical constitution, which 
is detectable also on modern and fossil bones. This ex- 
plains the discrepancy between the evolutionary histories 
reconstructed from data on genes and on skulls (or, in 
general, anthropometric data). 

Only in the last 10 ky, perhaps under increasing popu- 
lation pressure and climatic changes, did humans de- 
velop new food technologies, culminating in several 
different agricultural developments. These innovations 
caused the beginning of more rapid population growth, 
and in some cases of local expansions, which extended 
to ecologically similar areas, allowing the exploitation of 
domesticated plants and animals developed in the three 
major nuclear areas of agriculture. The consequent in- 
creases of population densities began a progressive freez- 
ing of drift effects. Farmers’ expansions, followed by 
those of nomadic pastoralists, contributed in an impor- 
tant way to changing the patterns of gene geography. 
In spite of this, opportunities still remained for the sur- 
vival of much local diversity, especially in refugia, few 
of which have been well examined. 

A major conclusion is that linguistic and genetic evo- 
lution are closely related. In this chapter we have seen 
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this relationship at the global level, but several investi- 
gations on specific regions or people that we examine 
in the following chapters have given similar results. The 
main reason for the relationship is that the evolution of 
both depend on the same historic and geographic fac- 
tors. We have seen that discrepancies are not impossi- 
ble, given that genes can be partially or even almost 
completely replaced under certain conditions, and lan- 
guages can also be replaced. Language replacement is 
more likely to happen, perhaps, in recent history, and 
there are well-known examples of it. One can also ex- 
press the necessity of a relationship between genetic and 
linguistic evolution (and, more generally, certain types 
of cultural evolution of which the evolution of language 
is a key example), considering the similarity of the rel- 
evant mechanisms of transmission. Genes are clearly 
transmitted from parents to children; in traditional soci- 
eties, especially in the absence of schools, cultural trans- 
mission (unfortunately a poorly investigated subject; see, 
however, Cavalli-Sforza and Feldman 1981; Hewlett and 
Cavalli-Sforza 1986) also takes place mostly from par- 
ents to children, as does, presumably, the transmission 
of language from generation to generation. Two phenom- 
ena transmitted in basically the same way are bound to 
be strongly correlated. 

In our original paper (Cavalli-Sforza et al. 1988), we 
expressed the strong conviction that language must have 
been a great asset that considerably helped modern hu- 
mans in their expansion, and that it also may have limited 
or prevented admixture with other forms of humans that 
were less developed linguistically. The linguistic inferi- 
ority of the Neanderthals (Lieberman 1975, 1989) is con- 
troversial (Falk 1975). Nevertheless, the extreme com- 
plexity shared by all existing human languages seems 
likely to be a product of a final step in linguistic evolu- 
tion, which peaked 1n a.m.h. and was spread by them to 
the whole world. An interesting relationship has been ob- 
served by Foley (1991). Using the genetic tree (Cavalli- 
Sforza et al. 1988) and information on the numbers of 
languages per family given by Ruhlen (1987), he has 
shown that there is a very strong linear relation (r = 
0.91) between genetic distance between two groups sep- 
arated by a node of the genetic tree and the number of 
languages spoken by the two groups together (see fig. 
2.15.2). Although this evidence is indirect, and the cor- 
relation coefficient is biased upwards because the nodes 
of the tree are not independent, it adds to the persua- 
sion that linguistic evolution goes hand-in-hand with the 
spread of modern humans. 

The analysis of the genetics of human populations re- 
quires an enormous mass of information. Unfortunately, 
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Fig. 2.15.2 According to Foley (1991), there is a strong 
relationship between human genetic variation and linguis- 
tic groups, showing that genes and languages may well 
diverge in similar ways. If genetic diversity found in each 
of the successive major groupings (top) of living human 
populations is plotted against the number of languages 
spoken by those groups, a strong linear relationship is 
obtained (bottom). 


its retrieval has rarely been organized in an efficient way, 
and the data base available is the result of thousands of 
more or less haphazard collections and analyses of blood 
samples. An essential requirement of a sound analysis is 
that a large number of genes be thoroughly studied in 
parallel on all populations of interest. Today, there have 
been substantial advances in the techniques of analysis, 
unfortunately accompanied by nontrivial cost increases. 
The number of populations that can enlighten us on the 
past history of humanity is shrinking continuously. Only 
perhaps one or two decades remain in which we still 
have access to these populations. From the point of view 
of genetic history, we are an endangered species, and 
it is essential to avoid delay before taking the neces- 
sary steps to preserve this important knowledge about 
ourselves. 
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3.1. Geography and environment 
3.2. Prehistory and history 
3.3. Linguistics 


3.4. Physical anthropology of modern Africans 


3.5. Genetic analysis of the continent 
3.6. Ethiopians, some of their neighbors, and 
North Africans 


3.1. GEOGRAPHY AND ENVIRONMENT 


Africa is the second largest continent, covering 20% of 
the total land surface of the world and hosting about 10% 
of the world population. Almost half of this is concen- 
trated in the five most populous states, Nigeria, Egypt, 
Ethiopia, Zaire, and the Republic of South Africa. The 
climate varies from extremely arid to extremely humid. 
The humid area is concentrated in the lowlands, about 
5° latitude north and south of the equator; rainfall is 
heavy and there is little variation in temperature (see 
table 3.1.1). This area is mostly covered by a tropical 
rain forest that extended more widely in the last 5000 
years. Remnants are found on the northern coast of the 
Gulf of Guinea and in a few, mostly mountainous, areas. 
At increasing distance from the equator, humidity de- 
creases fairly gradually, the vegetation changing accord- 
ingly. Both north and south of the forest belt are wood- 
lands or wooded savannas with deciduous trees that lose 
their leaves during the dry seasons. At a lower humidity, 
the savanna or wooded grassland has fewer trees and a 
wet-dry cycle of seasons. The boundary of the forest is 
usually sharp, but there can be an area of savanna-forest 
mosaic between forest and savanna. With lower rain- 
fall, thornbush vegetation prevails, with xeric trees like 
acacias and baobabs; with increasing dryness, the vege- 
tation turns to subdesert scrubs and finally desert. Two 
major deserts are located almost symmetrically with re- 
spect to the equator. In the north the Sahara, the largest 
desert in the world, covers one quarter of Africa; in- 
habitants are few and limited to the major oases. In 
the south we find the Kalahari, located in Namibia 
and Botswana. The Somali desert in East Africa is 
smaller. 

Figure 3.1.1 shows the vegetation zones of Africa, as 
determined by the climate, and table 3.1.1 summarizes 
data on the major climatic zones. 


3.7. Khoisanids 

3.8. Pygmies 

3.9. Black sub-Saharan Africans 

3.10. Studies of single genes 

3.11. Synthetic maps of Africa 

3.12. Summary of the genetic history of Africa 


Very favorable climatic conditions are found in the 
valley of the Nile, which flows from its sources in Lake 
Victoria and Ethiopia to the Mediterranean, and also 
on a narrow coastal strip along the Mediterranean and 
near Capetown. The latter climates are called “subtrop- 
ical dry” in figure 3.1.1, as contrasted with “subtropi- 
cal moist” in the eastern portion of South Africa. In the 
highlands the climate is colder than in comparable lati- 
tudes at low altitude, and precipitation varies from area 
to area. 
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Fig. 3.1.1 Vegetation zones of Africa. 
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Table 3.1.1. A Summary of Data on Major Ecological-Climatic Zones of Africa 


Region Location 


Tropical forest near equator: Zaire 


basin and mountains, 


north coast of 
Gulf of Guinea 
Woodland 
(or wooded savanna) north and south of 
tropical forest 
belts between forest 


and deserts 


Wooded grassland 
(acacia savanna) 


Thornbrush tracts in East Africa, 
vegetation from Sudan to 
Botswana 
Subdesert scrub southern edge of the 
Sahara, much of 
Southwest Africa 
Desert vegetation Sahara in the north, 


Kalahari in the south 


The African deserts are homogeneously hot and arid 
except for a few oases and Lake Chad, which is very 
shallow and wide and, until a few thousand years ago, 
covered a much larger area. In Botswana the Okavango 
river, Originating in Angola, forms a swampy delta in 
the Kalahari, generating a humid region in the middle of 
the desert. 


3.2. PREHISTORY AND HISTORY 


3.2.a. PALEOLITHIC 


There is reasonable consensus that the first human 
species, Homo habilis, originated in Africa (see chap. 
2) from an earlier genus, Australopithecus, from which 
other branches also originated and died without leaving 
modern descendants, some less than | mya. It 1s believed 
that H. habilis originated about 2.5 mya, gave rise to H. 
erectus about 1.7 mya (Klein 1989a) and spread to Asia 
and Europe. Our species, H. sapiens, originated from 
H. erectus about 3-500 kya, perhaps in eastern Europe 
or West Asia, and spread to Asia, Europe, and Africa. 

Homo sapiens sapiens (anatomically modern humans, 
a.m.h.) is a late-developing subspecies of H. sapiens. 
Complete consensus on its origins is lacking, but a cer- 
tain amount of evidence indicates that modern humans 
appeared in East and South Africa around 100 kya (Klein 
1989a; Rightmire 1989). Most important sites are shown 
in fig. 3.2.1. Unfortunately, all dates are weak and the 
material is scarce. Some of the presumably older finds 
(Omo, Broken Hill) may in fact be intermediate and thus 
establish a transition from the older, archaic H. sapiens 
type. Laetoli in Tanzania, dated at 120 ky, is also similar 


between 5° and 15° lat. 


Rainfall 
Vegetation Climate —_(inches/year) 
canopy of high wet and > 50 
trees, plus warm 
dense lower 
layers 
trees deciduous hot, with 35 — 55 
in the dry variable 
season seasons 
occasional small tropical wet 20 - 30 
trees, perennial and dry 
tall grass 
less grass, xeric as above, 12-20 
and thorny but drier 
trees 
sparse grasses, as above, 5-12 
low shrubs but drier 
absence of, very dry <5 
or rare, 
vegetation 


The region immediately south of the Sahara is a dry 
strip of land that continues almost uninterrupted from the 
Atlantic Ocean to the Red Sea; it is called the Sudan, 
and the country by this name occupies only the extreme 
eastern part of it. In the west, a narrow strip of arid land 
south of the Sahara, forming the most northern part of 
the Sudan, is called the Sahel. 
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Fig. 3.2.1 Major archaeological sites connected with the 
origin of modern humans. 
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to modern humans but not quite in the modern range. 
The major modern finds are from the Border caves and 
the Klasies River Mouth (South Africa), dated at the 
earliest at 100 and 110 ky, respectively, but with wide 
and not well-known margins of error. The problem was 
discussed in section 2.1. The genetic distance between 
Africans and non-Africans indicates that the evolution- 
ary split between these two groups is the most ancient in 
modern humans; it cannot argue per se for a geographic 
origin in Africa or in West Asia, because it is equally 
probable, other things being equal, that the genetic data 
indicate migration to Africa of a splinter group from a 
population originally located in West Asia, or vice versa. 
The question is more likely to be answered by archaeo- 
logical information, such as, for example: “The African 
Middle Stone Age industries not only begin consider- 
ably earlier but also include more consistent evidence 
of technological sophistication (blades, geometric forms, 
fishing, ambush hunting)” (Tattersall et al. 1988). These 
more advanced industries are not associated exclusively 
with modern humans but also appear with more archaic 
types. 

The question has been raised as to whether there is 
a similarity between these early examples of modern 
humans and the types presently living in Africa. Inde- 
pendent comparisons of craniometric data of the early 
South African modern humans with those of modern 
Khoisanids and Bantus living in South Africa gave con- 
tradictory results (Howells 1989; Rightmire 1989; see 
also sec. 2.1). It seems very unlikely that the differ- 
ence observed today between modern Khoisanids and 
Bantus was recognizable more than 100 ky earlier, or 
that changes that occurred since that time were small 
enough to allow a meaningful comparison between old 
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Probable distribution [based to some extent 
on oral history] at the end of the 17th century 


Probable additional distribution 
during the late stone age 


Sites at which skeletal remains credibly 
identified as San have been discovered 


and modern skulls. The uncertainty in the conclusions 
of different authors may simply mean that the distinction 
did not exist among the first modern humans and was 
generated later. It has also been noted that the collection 
of modern Khoisanid skulls used for the purpose of these 
comparisons is made up of many skulls that are not really 
representative or trustworthy (Morris 1986). 

At the time of development of H. s. sapiens there may 
have been Neanderthals in the extreme north of Africa 
(Haua Fteah, see fig. 3.2.1). In the later Stone Age (35-8 
kya), three major human groups are recognized in Africa 
on the basis of fossil remains (Phillipson 1982). 

1. One group was ancestral to Khoisanids (Bushmen 
and Hottentots), who today live almost exclusively in 
southern Africa, but were once found in a wider area— 
probably including East Africa and perhaps also the Su- 
dan and Egypt—and were therefore on the way of access 
to West Asia, as discussed below. According to some 
authors, fossil remains indicate these Khoisanids were 
there as early as 10 kya and perhaps earlier (fig. 3.2.2). 
It should be noted, however, that some authors (A. G. 
Morris, pers. comm.) have expressed disagreement on 
the identification of Khoisanid remains from Ethiopia 
and Egypt. The problem of Khoisanid origins is dis- 
cussed in section 3.7. 

2. A second group found in West Africa shows Ne- 
groid skeletal characteristics and is probably ancestral to 
all Negroid groups, who today live in the tropical forest 
and in much of eastern and southern Africa. Unfortu- 
nately, the soil of the tropical forest—in particular, the 
Zaire basin—is unfavorable for the preservation of hu- 
man fossils, and no human remains have been found in 
this important area. The forest areas were not occupied 
in the early Paleolithic (Tattersall et al. 1988). 


Fig. 3.2.2 Area probably occupied by Khoisanids 
(Bushmen) in Africa around 10 kya at the end 

of the seventeenth century, and now. This illus- 
tration is a modification of figure 5.1 in Nurse 

et al. (1985), which is a modification of a figure 
in Tobias (1964). 
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3. Groups related to modern Caucasoid populations 
lived in North Africa. In the Maghreb, the western 
part of North Africa, there flourished from 20,000 to 
7500 B.c. a late Paleolithic culture called Iberomarusian 
(Camps 1974) that extended from Spain to Morocco, Al- 
geria, and Tunisia. Its people were hunters of the Barbary 
sheep and their sites were mostly within 100 km of the 
Mediterranean coast. Their type is sometimes referred 
to as ““Mechta-Afalou.” Skeletal evidence indicates that 
these people were of the Cro-Magnon type, that is, the 
same a.m.h. found in southwestern France and Spain. 


3.2.b. THE NEOLITHIC IN THE NORTH 


At the end of the late Stone Age, the Neolithic be- 
gan in a few areas with the development of agricul- 
ture and spread slowly outward. The Middle East is the 
area of earliest agricultural origin nearest Africa. From 
there, the Neolithic spread to Egypt between 7500 B.c. 
and 5000 B.c. The newly domesticated Middle Eastern 
cereals, emmer wheat and barley, found a fertile soil 
in the Nile Valley, but the first farming culture known, 
Fayyum A, was not in the valley, though not far from 
it. As elsewhere, domesticated pigs and goats accom- 
panied the first farming, and this new food-producing 
economy became the basis of the Egyptian civilization, 
which crossed the threshold of history with the introduc- 
tion of writing about 3000 B.c. 

After the disappearance of the Iberomarusian culture in 
the Maghreb, around 7500 B.c., a pre-Neolithic culture, 
the Capsian, possibly of local origin, took over and a re- 
lated one appeared farther east in Libya. Capsians were 
hunters, gatherers, and fishermen and consumed large 
amounts of mollusks, characteristic heaps of which are 
found in the region (escargotiéres). Capsians later ac- 
quired pottery, sheep, and, to a lesser extent, other do- 
mesticated animals, but they always retained many of the 
earlier late-upper Paleolithic characteristics, including 
the local industries of stone tools and portable art objects 
like ostrich egg shells decorated with animal paintings. 


3.2.c. NEOLITHIC DEVELOPMENT IN THE 
SAHARA 


Farther toward the interior, in the mountainous parts 
of the Sahara in southern Algeria, Libya, and northern 
Chad, an incredibly rich collection of rock paintings and 
engravings offers a unique art gallery that allows us to 
reconstruct a series of local developments beginning with 
the late Paleolithic. Rock art has only rarely been dated, 
but to some extent it can be ordered in time sequence 
(Smith 1982). 

1. The earliest phase, called Large Wild Fauna or 
Bubalis phase (from the name of the giant buffalo) 
is a period of hunters, and primarily rock engravings 
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are known. One such engraving has been dated to 9000- 
8000 B.c. (Mori 1974). Clearly, the climate was not arid 
at the time; in fact, the Sahara went through a phase of 
maximum wetness around 7000 B.c. 

2. In parts of the Sahara this phase is followed by one 
characterized by paintings and engravings of large wild 
mammals and many human figures with round faceless 
heads, called the Round Head phase. 

3. The next style is perhaps the best from an artistic 
point of view. It is called Bovidian because of the fre- 
quency with which cattle, clearly domesticated, appear 
in the paintings. Some of the painted cattle have coats 
of two or three colors, never observed in the wild. The 
earliest cattle paintings are from 3500 B.c., but domes- 
tication must have begun earlier. The paintings of the 
Bovidians sometimes show Caucasoid faces, sometimes 
Negroid. The latter are highly reminiscent both morpho- 
logically and culturally of a modern group of pastoral 
nomads called Fulani, now living in sub-Saharan West 
Africa. Cattle may have been domesticated locally, per- 
haps as early as 7000 years ago, or it may have come 
from the Middle East. Traces of cultivated plants are rare. 

Progressive desiccation forced the Bovidians to leave 
by 1000 B.c., and they moved south to the savannas of 
the Sudan belt. They brought with them their cattle and 
pastoral customs, and most probably were ancestors of 
many pastoral nomadic tribes living today in West, north- 
central, and East Africa, and perhaps even farther south. 

4. During the Bovidian phase, the Sahara started to 
undergo the desiccation that reduced it to a desert. Just 
before 1000 B.c., cattle is replaced in the rock paintings 
by an animal more resistant to dry heat, the horse, which 
was borrowed from the Middle East or Greece and used 
for driving chariots. These people, Equidians, were Cau- 
casoid. In the sixth century B.c. Herodotus described, 
among other people living in Libya, the Garamantes, 
who drove horse-drawn chariots, probably employed for 
slave raids or war purposes. Even the horse was unable to 
endure the progressively drier climate of the Sahara, and 
in the first millennium B.c. was replaced by the camel, 
which had arrived in Egypt from Asia in 1600 B.c. 


3.2.d. NEOLITHIC DEVELOPMENT SOUTH OF 
THE SAHARA 


Middle Eastern cereals probably did not diffuse be- 
yond Egypt, but in the meantime local developments 
of farming started in the Sudan and Ethiopia. Middle 
Eastern cereals did not grow in the sub-Saharan climate, 
and the presence of the tsetse fly made the survival of 
cattle impossible in humid areas. Several local grasses 
were domesticated, most probably in different parts of 
the Sahel, perhaps around 4000 B.c. (see fig. 3.2.3), the 
most important being sorghum or Guinea corn, and next 
in importance finger millet and pearl millet. In addition, 
cowpea (a pulse), the gourd, and the baobab were part of 
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Fig. 3.2.3 Neolithic developments in Africa: cultivated 
local plants (a composite map using information primarily 
from Shaw 1980). 


the “savanna complex.” African rice was domesticated 
in West Africa somewhat to the south of the Sahel. In 
the more southern and humid part of West Africa, tuber 
yams, along with other tubers and oil palms, were major 
components of the “forest-margin” complex, an adapta- 
tion to an environment that was too humid for the sa- 
vanna complex. Yams are still a major part of the diet in 
the tropical forest of the Guinea coast and were probably 
already known in 1700-1440 B.c., given that stone rasps 
useful for grating them were found in northern Ghanaian 
sites of that antiquity. The African banana (ensete) was 
domesticated in southwestern Ethiopia and 1s still the sta- 
ple food of the Sidamo, whereas bananas, mango, taro, 
and plantains were imported later from Asia. The cereal 
teff was also domesticated in Ethiopia. 

Sheep and goats may have spread to North Africa from 
the Middle East, together with cattle, which may have 
also been domesticated independently in the Sahara, as 
mentioned previously. However, when the Sahara be- 
came too dry, domestic animals had to withdraw south 
to the Sudan. There is evidence of cattle south of the 
Sahara in West Africa before 1500 B.c. and in Ethiopia 
before 1000 B.c. The only animals domesticated in Africa 
are the cat and the guineafowl (in Egypt) as well as the 
ass (Shaw 1980). 


3.2.e. THE METAL AGE AND THE BANTU 
EXPANSION 


Copper was available only in parts of Africa that were 
settled relatively late and did not play a significant role in 


the development of African civilizations (except Egypt). 
However, superficial iron ores are abundant in much of 
Africa. The iron-smelting technology was developed in 
West Asia around 1500 B.c. and came to Egypt and 
Nubia (northern Sudan) relatively late with the Assyr- 
ian invasion of the seventh century B.c. The first iron- 
smelting center is dated to the sixth century B.c. and 
located at Meroe in the Kush kingdom, which was 
in Nubia, the northern region of the present republic 
of Sudan. Kush was dominated by an Ethiopian dy- 
nasty that was initially under Egyptian control but in 
the eighth century B.c. took the lead and established 
its rule over all Egypt. It eventually withdrew to the 
south, with its capital at Meroe in Nubia (fig. 3.2.4). 
Iron rapidly supplanted stone, copper, and bronze in 
the making of tools. The new metal culture may have 
spread south from Meroe to the important iron center of 
Urewe, and perhaps even to Nigeria, where, however, 
it is more likely that development of iron smelting was 
indigenous. 

The earliest large, well documented Nigerian iron- 
smelting center was at Nok, just north of the conflu- 
ence of the Niger and Benue rivers. Here excavations 
have shown at least 13 furnaces for iron working dated 
between the fifth and the third centuries B.c. This culture 
is also known for attractive clay figurines, mostly human 
heads, found together with iron and stone tools. 

Urewe is another large early center of iron smelting, 
just above Lake Victoria, with dates between 300 B.c. 
and A.D. The pottery is distinct from that found in the 
early Nok culture, indicating that the two developments 
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Fig. 3.2.4 Major iron-smelting centers in sub-Saharan 
Africa and Bantu expansions (information from Phillipson 
1980; Denbow 1989). Some important archaeological 
areas are circled. 


may have been independent, at least at the beginning. 
Tools used for iron smelting were also developed locally. 

Both areas, Nok and Urewe, were most probably 
involved in the origin of the Bantu expansion, the lin- 
guistic evidence for which is discussed in the next sec- 
tion. Furthermore, both biological and archaeological ev- 
idence show that there were major expansions toward 
Central and South Africa that began before the Iron Age. 
Until recently, the archaeological information was almost 
entirely confined to the eastern and southern parts of the 
continent, and in Cameroon, Gabon, Angola, Zaire, and 
Namibia, data were limited or nonexistent. This situ- 
ation is changing. We know today that there were two 
major streams directed toward the south, the western and 
the eastern one; the western one probably began earlier, 
before the Iron Age. Vansina (1984) has suggested that 
Bantu-speaking peoples were living in the western part 
of Central Africa by 1000 B.c. and that a western stream 
of expansion toward the south had more importance than 
previously believed. Recent archaeological evidence in 
Gabon (Digombe et al. 1988) shows that iron smelting 
in a heavily forested area of southeastern Gabon began 
around the second century B.c. Near the mouth of the 
Congo (Zaire) River, at Tchissanga, fourth century B.c. 
dates for iron smelting are the earliest in sub-Saharan 
Africa after those in Nigeria and Niger (Denbow 1989). 
At the same and other sites in the general area, ear- 
lier dates (between the tenth and fifth centuries B.c.) 
have been found for a pre-Iron Age farming technol- 
ogy. Thus, the first Bantu farmers of South Africa may 
have arrived with this western stream rather than with 
the eastern stream, in contradiction to earlier beliefs. 
In the Kalahari, fully developed pastoralism and met- 
allurgy were already established by a.p. 500 and exten- 
sive grain agriculture by a.p. 800 (Denbow and Wilmsen 
1986). 

The eastern stream seems to have its starting point in 
the Urewe region. Connections between the origins of 
the western stream, probably in Nigeria and Cameroon, 
and the eastern stream in Urewe are unclear, mostly 
because of lack of adequate archaeological information 
from the intervening region. Linguistic evidence sug- 
gests that these connections were important. In Urewe, 
it is likely that Bantu immigrants also made contact with 
local and other cultures, possibly originating in the east- 
ern Sahara. From Urewe, an expansion eastward reached 
the coast by the second century A.D. (Phillipson 1980) 
and continued rapidly toward the south in a narrow strip 
along the coast. These people grew millet and squash. A 
southwestern stream from Urewe pointed toward south- 
ern Zaire, where it may have connected with the western 
stream south of the forest, perhaps generating another, 
tertiary wave of expansion. From there, the expansion 
may have proceeded toward the central part of South 
Africa, reaching the northern borders of the present re- 
public of South Africa in the fifth century A.D. 
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Developments after the fifth century A.D. showed the 
differentiation of local cultures that eventually gave rise 
to the late Iron Age expansion, perhaps from an area rich 
in metals—including copper—between Zaire and Zam- 
bia. The population density increased and centralized 
political systems emerged. 


3.2.f. EARLY STATES IN SUB-SAHARAN AERICA 
AND ETHIOPIA 


Probably the first state to develop in sub-Saharan 
Africa was in Ethiopia. Here contact with Egypt and 
Sudan was early: Egyptians called Ethiopia the Land of 
Punt (“of God’’) because a source of the Nile was there. 
There is evidence from the sixth century B.c. onward 
of contacts with South Arabia and particularly with the 
two empires of the Sabeans and Minaeans. This is prob- 
ably one source of the Ethiopian traditions of the visit of 
Queen Sheba with Solomon (who lived, however, several 
centuries earlier). Sabean influence on northern Ethiopia 
was profound until the first century a.pD., and there were 
important migrations at the time and perhaps also ear- 
lier. It is likely (Encyclopaedia Britannica 1974) that the 
fusion of the immigrants from Arabia with Ethiopians 
of African origin, or of earlier immigrants from Ara- 
bia to Northern Ethiopia, created the people of the em- 
pire of Aksum, centered on the Tigre plateau. At that 
time, the political relations between Arabia and Ethiopia 
were reversed, with Ethiopia taking control of the Sabean 
and Minaean empires (Shinnie 1978). In the fourth cen- 
tury A.D., the Aksum empire extended to southern Ara- 
bia, the Beja territory in northeastern Sudan, and impor- 
tant parts of Ethiopia; it began declining in the seventh 
century A.D. 

In the last two millennia, early states began to de- 
velop in many other parts of Africa. The earliest known 
is Ghana, in the western Sahel, the people being Mande 
farmers. In the extreme west of Africa, there were in 
the first millennium many tombs in the form of tu- 
muli and megaliths, often with splendid ornaments. At 
the beginning of the present millennium, the Ghanaian 
state was destroyed by Arabs. In the Sahel there devel- 
oped important trade centers like Timbuktu, Gao, and 
others, located along the caravan routes in Mauritania, 
Mali, Burkina-Faso (Upper Volta), and Niger, often in 
the form of twin cities, Arab and African, separate but 
close. There was trade in gold (mined in the Sudan), 
copper, and salt, found in the Sahara. South of the Sa- 
hel and closer to the coast, several populous states de- 
veloped in the second millennium 4.pD.: the kingdoms of 
Ife (thirteenth to fifteenth century), Benin (fourteenth to 
eighteenth century), and Igbo Ukwu (with earlier begin- 
nings, ninth century A.D.). The capitals of these states 
were all in the southern part of Nigeria (fig. 3.2.5). 

The Arab expansion began soon after A.D. 632, the 
death of Muhammad, but was initially confined to Egypt 
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and the Mediterranean coast of Africa, extending with 
the Umayyads (Whitehouse 1980) to the Maghreb in the 
seventh and eighth centuries, and later farther south, 
both in the west and east. Moslem settlers are found 
in East Africa beginning in the ninth and tenth cen- 
turies. Kilwa in Tanzania and Manda in Kenya were 
East African cities, the first of which, erected in the 
fourteenth century, had the largest palace in sub-Saharan 
Africa. Trade flourished especially along the coast of the 
Indian Ocean; the language of traders, however, was not 
Arabic but Bantu (Swahili). Arabian Bedouins invaded 
North Africa repeatedly at the beginning of the present 
millennium. 

There were also other Asian contacts, in particu- 
lar with cultures speaking Austronesian languages from 
Indonesia, as shown by the presence of languages of this 


3.3. LINGUISTICS 


Approximately 1400 languages are spoken today in 
Africa, about one-third of all the world’s languages. 
According to the most widely accepted classifications, 
proposed by Greenberg (1949-1950, 1954, 1955, 1963), 
these languages belong to four major families (see Ruh- 
len 1987). Their geographic distribution is shown in 
figure 3.3.1. 


3.3.a. GENERAL CLASSIFICATION 


1. Khoisan. The Khoisan family contains about 30 
languages and 120,000 speakers, all confined to the 
western part of South Africa (Bushmen and Hottentots), 
except for two languages spoken by the Hadza and San- 
dawe, two Tanzanian tribes. Khoisan languages are char- 
acterized by the use of “click” sounds as ordinary con- 
sonants, not generally found in any other family. Click 


family in Madagascar. It is believed that the Austronesian 
arrival in Madagascar occurred in Iron Age times since 
no stone tools have been found on this island (Smith 
1982). During this period, the banana was imported to 
East Africa from an unknown origin in Asia—probably 
not by Indonesians—and had a major impact on popula- 
tion growth. 

Early states also developed in southern Africa dur- 
ing the second millennium. The major ruins are those 
of Zimbabwe, the capital of a Shona state (twelfth to 
fifteenth century). Once believed to be the result of the 
spread of Arabic influence, it is clear today that this was 
one of many local developments of organized states. 


3.2.g. POPULATION NUMBERS 


During the upper Paleolithic, Africa was a very popu- 
lous continent, probably second only to Asia until 4000-— 
5000 B.c., after which it was surpassed by Europe. It may 
have grown slowly to 50 million people by a.p. 1500, 
the most densely inhabited parts of the continent being 
then and now those in which agriculture and the use 
of iron developed first (especially Nigeria, Uganda, and 
Kenya). From a.D. 1500 on, growth slowed and came to 
a near standstill because of the slave trade, which lasted 
more or less until the end of the nineteenth century in 
the Americas and continued into this century in Arabia. 
Altogether more than 10 million people were shipped as 
slaves to the Americas, and 2.5 million to Arabia and 
Europe. The slave trade to the Americas was almost ex- 
clusively from sub-Saharan West Africa, Zaire, and An- 
gola; that to Arabia, from the Central African Republic, 
Sudan, Kenya, Tanzania, and Mozambique (McEvedy 
and Jones 1978). 


sounds have been borrowed, however, by Bantu tribes 
of South Africa who were earlier in direct contact with 
Khoisan people. Of special interest is the presence of 
dental clicks in Kenyan populations north of Mombasa 
(Tucker 1969). Other indications of linguistic contacts 
between Ethiopians and Khoisan speakers are available 
(Ambrose 1982), and are especially interesting for rea- 
sons discussed in section 3.7. However, these interpreta- 
tions of Ethiopian-Khoisan contacts have been criticized 
by others (Schepartz 1988). 

Khoisanids were hunter-gatherers at the time of the 
arrival of the first farmers in southern Africa. Among 
the Khoisan living in South Africa today, the Khoikhoi 
or Khoi (also called Hottentots) are predominantly pas- 
toral and are believed to have obtained cattle from 
the Bantu who had already arrived in the area 1500 years 
ago (Denbow 1984). The San are hunter-gatherers but 
are mostly acculturated today. 


Fig. 3.3.1 Linguistic families and major subfamilies in 
Africa (after Ruhlen 1987). 


2. Niger-Kordofanian. The Niger-Kordofanian phy- 
lum comprises a small branch spoken in the Sudan, Kor- 
dofanian, and the very large Niger-Congo branch, with 
more than 1000 languages and some 180 million speakers. 
To simplify the classification of the complex Niger-Congo 
subphylum, we list the branches, from west to east. 

a) West Atlantic is spoken by the Fulani and re- 
lated groups, originally nomadic pastors in the west- 
ern Sahel, most probably from the Sahara; many of 
them are now settled farmers. 

b) Mande is the language of a tribe of the same 
name; they are farmers. 

c) North-Central Niger-Congo includes speak- 
ers of Kru, Gur, and Adamawa-Ubangian, who are 
also farmers; Adamawa-Ubangian is spoken in north- 
central Africa, just north of the Bantu languages. 

d) South-Central Niger-Congo is by far the most 
important group in terms of the number of speak- 
ers: the western branch includes languages from Togo, 
and the eastern branch includes those of southern 
Nigeria and the Benue-Zambezi. This last cluster 
includes the Bantoid languages, from which Bantu 
languages developed, as well as the related groups 
non-Bantu, Bantoid, Bane, and Narrow Bantu. Bantu 
languages are spoken south of the third parallel north 
(approximately) in all of Central and South Africa, ex- 
cept for the area occupied by Khoisan-speaking tribes. 
A classification and tree of Bantu languages is given 
in section 3.3.b. 

3. Nilo-Saharan. The Nilo-Saharan group is relatively 
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small (140 languages, 11 million speakers), spreading 
from southern Libya to Kenya and Tanzania. It originated 
from a reelaboration of a group previously called East 
Sudanic and includes various people, pastoral nomads 
like the Nilotic (Dinka, Nuer, Shilluk in southern Sudan, 
and the Maasai in Kenya and northern Tanzania) and 
farmers like the Sara in southern Chad and the Mangbetu 
and Mangbutu in northeastern Zaire. 

4. Afro-Asiatic. The Afro-Asiatic family consists of 
about 240 languages spoken in northern Africa from Mo- 
rocco to Egypt (except for an area of southern Libya 
speaking Nilo-Saharan languages) and also in Eritrea, 
Ethiopia, and Somalia; it also includes all languages spo- 
ken in the Middle East and Arabia. 

There are five major branches in addition to one extinct 
language (ancient Egyptian): 

a) Berber, spoken in much of North Africa by 
pastoral nomads whose ancestors include the Cauca- 
soid inhabitants of the Sahara; 

b) Chadic, including Hausa in northern Nigeria, 
spoken by pastoral nomads and traders living in the 
Sahel; 

c) Omotic, spoken in a small region of Ethiopia; 

d) Cushitic, spoken in most of Ethiopia by settled 
farmers, and in the northeast of the republic of Sudan 
by the Beja, pastoralists; 

e) Semitic, spoken in all of Arabia, all of the 
Middle East, northern Ethiopia (Eritrea, Tigray) and 
parts of North Africa. 


3.3.b. BANTU LANGUAGES 


The Bantu subgroup includes about 500 languages 
and 100 million speakers, close to a half of all the 
Niger-Kordofanian languages, and more than half of 
all the speakers (one-fourth of all Africans). Its unity 
was recognized in the eighteenth century, and it is im- 
mediately apparent that the family is young from an 
evolutionary point of view. In fact, the node leading 
to Narrow Bantu in Ruhlen’s tree of Niger-Kordofanian 
is very low in the taxonomic hierarchy: the eleventh 
echelon, of 13. The success of Bantu is most prob- 
ably due to the enormous expansion of its speakers, 
who advanced from their area of origin north of the 
equator to all of central and southern Africa, with the 
exception of the extreme southwest which is mostly 
desert and still occupied by Khoisanid speakers. The 
location of the Bantu homeland between Nigeria and 
Cameroon is based on linguistic considerations (Green- 
berg 1963), that is, the recognition of an area in which 
languages most similar to the Bantu ones are spoken 
today. It is in good geographic agreement with the ar- 
chaeological discovery of an iron culture of about 500 
B.c. at Nok (for a history of the recognition of the nature 
and origin of Bantu expansion see Flight 1988). As men- 
tioned above, however, the Bantu spread from Nigeria 
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Fig. 3.3.2 Henrici’s (1973) linguistic tree of Bantu lan- 
guages, simplified by condensing the 15 zones into 10 
major clusters. 


166 CHAPTER 3 


of spread of Bantu languages was located farther south- 
east, approximately between southern Zaire and northern 
Zambia (Guthrie 1967). Greenberg’s center tends to co- 
incide with the pre-Iron Age and early Iron Age Bantu 
expansion and is confirmed today by much archaeologi- 
cal research. Guthrie’s area of origin corresponds perhaps 
with a tertiary center, that of the late Iron Age expansion. 

Guthrie classified Bantu languages into 15 zones, 
named from A to S, and selected 28 better-known Bantu 
languages for the purpose of classification. The analy- 
sis of Guthrie’s languages was repeated with taxometric 
methods by Henrici (1973), leading to a tree reported in 
a simplified form in figure 3.3.2. 

Henrici’s tree was plotted on a geographic map of the 
15 zones (fig. 3.3.3) with the following externally im- 
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and Cameroon toward the east and south started even be- 
fore the Iron Age, in Neolithic times (around 1000 B.c.). 
Using other criteria, Guthrie suggested that the center 
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Fig. 3.3.3 A composite map of Guthrie’s (1967) Bantu 
zones and Henrici’s tree of linguistic divergence of Bantu 
languages. The three major nodes of the tree were plot- 
ted near the three major archaelogical areas that probably 
correspond to important centers of the Bantu expansion, 
chosen so as to maximize the correspondence with geog- 
raphy. (After Henrici 1973, figs. 1 and 5). 


Fig. 3.3.4 The classification of Bantu languages by 
Bastin et al. (1983). Numbers refer to the language clus- 
ters the authors have established by numerical taxon- 
omy. The original languages are too numerous to be plot- 
ted. Of 29 better-known languages referred to by Guthrie 
(1967) (fig. 3.3.3), 19 are considered by Bastin et al. 
(1983), in addition to many others. They belong to the 
following clusters (in parentheses Guthrie’s zones): Bulu 
3(A), Duala 3(A), Bobangi 6(C), Tetela 7(C), Kongo 
7(H), Lewena 8(K), Luba-Lulua 8(L), Bemba 8(M), 
Herero 8(R), Nyoro 9(E), Nyankore 9(E), Ganda 9(E), 
Sukuma 9(F), Gikuyu 10(E), Kamba 10(E), Swahili 
10(G), Nyanga 10(N), Yao 10(P), Zulu 11(S). Clusters 

1 and 2 group Bantoid languages. The tree Bastin et al. 
(1983) have reconstructed is plotted on the geographic 
map as closely as possible to the language clusters. 


posed constraints: (1) the first node or split was placed 
at the center of origin of Bantu languages according to 
Greenberg (in the area between the Benue and the Niger 
rivers); (2) the trichotomy leading to East and South 
African branches was placed in the important archaeo- 
logical area centered at Urewe; (3) the next trichotomy 
was placed approximately in the region that Guthrie hy- 
pothesized was the primary area of origin. This picture 
derived from Henrici’s tree minimizes the importance 
of expansion along the Atlantic coast, which we now 
know to be important. The problem could be corrected 
by modifying the second constraint cited above. 

An independent analysis (Heine et al. 1977) generated 
a different picture, giving much greater emphasis to the 
western route of expansion to the south. This is in better 
agreement with another, more recent and complete anal- 
ysis (Bastin et al. 1983) that used a much larger number 
of languages (over half of those in existence) and a stan- 
dard taxometric technique (average linkage). It was the 
outcome of impressive field work lasting 30 years and 
followed by modern statistical analysis. The results favor 
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an area of origin of Bantu languages in a region between 
the Cross River, the Atlantic Ocean, and the Cameroon 
grasslands, very close to that suggested by Greenberg. 
As indicated earlier (Vansina et al. 1982; Vansina 1984), 
there are archaeological indications that a Neolithic cul- 
ture was active in this area between 1600 and 700 B.c. 
so that most probably by 1000 B.c. the Bantu pre-Iron 
Age expansion was already under way. 

The tree of linguistic evolution of Bantu languages 
by Bastin et al. is shown in figure 3.3.4, again plotted 
on the geographic map. The original languages are too 
numerous to be plotted individually; only their clusters, 
recognized by taxometric methods, are indicated (with 
numbers). Tree nodes are placed as close as possible to 
the clusters they subtend, but there is no attempt to con- 
strain them near archaeological areas (unlike fig. 3.3.3). 
Both trees in figures 3.3.3 and 3.3.4 suffer from un- 
derepresentation of some areas (the western one in figs. 
3.3.2 and 3.3.3, and the eastern one in fig. 3.3.4), but 
the picture obtained in figure 3.3.4 is closer to the ge- 
netic data that we examine below. 


3.4. PHYSICAL ANTHROPOLOGY OF MODERN AFRICANS 


Today the continent is inhabited by two major aborig- 
inal groups, Caucasoids in the north almost down to the 
southern border of the Sahara, and Negroids in subSa- 
haran Africa. In the east, however, and especially in 
Ethiopia and Somalia, people have lighter skin and are 
considered Negroid by some, Caucasoid by others. 

The Negroid type is not homogeneous: the classifica- 
tion by Hiernaux (1975) distinguished five groups (Bush- 
men, Pygmies and Pygmoids, elongated Africans, West 
African, and Bantu) and is summarized in table 3.4.1. 
As Hiernaux noted, it is not a biological, cultural, or lin- 
guistic classification, but in different cases, he used one 
or the other of these criteria for defining each group. 
Two groups stand out as peculiar, Pygmies and Bush- 
men (or Khoisan); references are found in the later sec- 
tions dedicated to them. Until recently both of these 
groups were hunter-gatherers, but most of them have 
undergone heavy acculturation and also heavy admix- 
ture with Negroid neighbors. Nevertheless, there prob- 
ably remain enough unmixed or less-mixed groups that 
one can form an opinion of their original type. Both 
Pygmies and Bushmen live in small social groups, be- 
lieved to be similar to the archetypal societal structure of 
hunter-gatherers, and also have relations of servitude to 
local African farmers (usually Bantu). Both groups have 
been acculturating for some time, and only relatively 
small clusters have been less affected by this process. 

Pygmies live in Central Africa, are mostly inhabitants 
of the tropical forest, and are adapted to a humid cli- 
mate; they have a small stature that increases the ratio 
of surface to volume and allows them to take better ad- 


vantage of the cooling effect of perspiration; in addition, 
their small mass means that their internal heat produc- 
tion is lower than that of larger people. The smallest 
Pygmy tribe has an average height of 145 cm in males 
and 137 cm in females (Mbuti, Ituri forest in northeast 
Zaire), but the head and, to a lesser extent, the chest 
have essentially the same size as those of people of av- 
erage stature. Hunting-gathering is still an important ac- 
tivity, even if the great majority of Pygmies today live 
in part on food of agricultural origin, obtained either as 
compensation for work on Negroid farmers’ plantations 
or from their own plantations in the most acculturated 
groups (Cavalli-Sforza 1986a). 

Bushmen are somewhat taller than Pygmies but, after 
Pygmies, are the shortest African group. Those prob- 
ably closest to the original type are the San, whereas 
the Khoi (Hottentots, Nama), who are herders, must 
have had greater contacts with Negroid pastoralists from 
whom they acquired the practice of herding. Among the 
several physical peculiarities that differentiate them from 
other Africans (Singer 1978, Nurse et al. 1985) are yel- 
low skin, narrow and occasionally oblique eye slits rem- 
iniscent of Mongolian eyes (but they do not have typical 
Mongolian folds), female steatopygia or the tendency to 
accumulate fat high over the buttocks, and the tablier 
or Hottentot apron, as the elongated or hypertrophied 
labia minora are called. Like Pygmies, Bushmen have 
peppercorn hair, which is an extreme form of the typical 
African frizzy hair. 

By far the greatest number of Africans are neither 
Pygmies nor Bushmen. The classification advanced by 
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Table 3.4.1. A Summary of Hiernaux’s Classification (Hiernaux 1975) of Sub-Saharan African Peoples 


Group Country Environment Tribes 
Khoisan today mostly usually dry San (Bushmen): 
in Namibia Kung, etc. 
& Botswana 
Khoi (Hottentot): 
Nama, etc. 
Pygmies & N.E. Zaire tropical Mbuti 
Pygmoids (Ituri) forest 
N. Congo & Biaka 
S.W. Central 
African 
Republic 
S. Cameroon Baka 
Uganda, drier Pygmoid, Twa, 
Rwanda, environment etc. 
S. Congo, 
etc. 
Elongated W. Africa savanna Moors 
Africans Fulani 
and Nilotes 
Sudan Shilluk, Nuer, 
Beja, Dinka, 
etc. 
Ethiopia Afar, Galla 
Somalia Somali 
Rwanda, Tutsi 
Burundi 
Kenya Maasai 
Namibia Herero 
W. Sudan W. Africa very dry many 
& Guinea savanna, 
Rain Forest just south 
of the Sahara, 
with transition 
to tropical 
forest on 
the Guinea 
Coast 
Bantu C. & S. Africa savanna & many 
forest 
margins 


Hiernaux is in part based on a multivariate analysis using 
both anthropometric traits and a few genes. The most 
interesting novelty with respect to earlier classifications 
is the category of “elongated Africans,” tall and thin 
people representing probably an adaptation to a hot and 
dry climate. They are practically all cattle herders, and 
they probably came from the Sahara, a hypothesis that 
explains both their dependence on cattle and their body 
build. They are located today south of the Sahara, some 
at a great distance from it. 

The other two groups, West Africans and “Bantus,” 


Economy Physical Type Languages 


hunter-gatherers females 150 cm Khoisanid (clicks) 


now mostly males 160 cm 
acculturated brown-yellow 
skin color 
pastoral nomads eye folds, some 
Steatopygia 


hunter-gatherers females 144 cm many different 


“symbiosis” males 153 cm languages from 
(exchange food, different Niger- 
etc. with local Kordofanian 
African farmers) stocks 
(Adamawan 
and Bantu) 
various activities, (155-160 cm) 
cultivation, 
fishing, pottery, 
etc. 
essentially tall (170-180 cm), many different 
pastoral thin, small head, languages of 
nomads small face, Afro-Asiatic, 
long limbs Nilo-Saharan 
skin color from and Niger- 
dark (Nilotes) Kordofanian 
to intermediate stocks 
(E. Africa) 
sedentary intermediate Niger- 
farmers stature, Kordofanian 
165-175 cm other than 
dark skin color Bantu 
sedentary intermediate Bantu, a narrow 
farmers Stature section of 
dark skin color Niger- 
especially in Kordofanian 
the savanna, 
lighter near 
the forest 


form the great majority of African people. “Bantu’’ is 
originally a linguistic definition and here is extended to 
the physical type that includes almost all people in cen- 
tral and southern Africa. The two groups are rather sim- 
ilar to each other. 

The Malagasy, inhabiting Madagascar, are a group 
of mixed origin, as shown by languages, customs, and 
physical types. People of Austronesian origin came 
from south-central Borneo, where today Ma’anyan, the 
language most similar to Malagasy is spoken (Ruhlen 
1987). The original Southeast Asian settlers seem to 
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have mixed heavily with Africans; later Afro-Arab 1m- 
migrants arrived from the east coast of Africa. They oc- 
cupy the western coast, have clear-cut African features, 
and were responsible for introducing animal husbandry. 


3.5. GENETIC ANALYSIS OF THE CONTINENT 


Forty-nine populations were selected as having the 
most genetic information. Some of these are single 
tribes, whereas others are pools of populations. These 
latter populations are indicated by their countries or by 
linguistic groups (e.g., Nilotic, Cushitic), or in other 
ways (Pygmoid). When ethnic groups could be recog- 
nized, often across country boundaries (e.g., Tuareg, 
Berber, Bedouin), all data from these groups were pooled 
together and were not included in the country of origin. 
Pooling helped decrease sampling error or drift in very 
small samples or populations. 


Pygmoid : 3.8.1 
Bantu,N.E. 39.1 
Bantu,C.E. 39.1 
Bantu,S.W. 3.9.1 
Bantu, C.W. 3.91 
Nilotic 3.9.1 
Kunama —_- 3:53 
Bantu,S.E. 39.1 
Bantu,N.W. 3.9.1 


Ubangian = 3.91 
Volta | 391 
Ewe 3.9.1 
Gur / 3.91 
Mande 3.9.1 
Kru 3.9.1 
Yoruba 3.9.4 
Ibo 3.9.1 
Fulani . 3.0.1 
Hausa 3.9.1 
Bane 3.9.1 
Bedik 3.9.1 
Funji 3.5.3 
Biaka 3.5.3 
Sara | 3.94 
Serer 3.9.1 
Wolof 3.94 
Peul «3.9.41 
Sandawe = 35.3 
Hadza 35.3 
San ; 922 
Somali «3.5.3 
Khoi 3.5.3 
Mbuti 3.5.3 
Algerian : 353 
Beja | 3.6.1 
Tuareg (3.6.1 
Sudanese 353 
Cushitic 3.6.1 
Tigray 3.6.1 
Baria 3.5.3 
Amhara : 3.5.3 
Nubian 35.3 
Moroccan 3.5.3 
Bedouin 3.6.1 
Tunisian 3.53 
Libyan | 353 
Canarian 3.5.3 
Egyptian | 3.5.3 
Berber 3.6.1 


ah oe i Genetic Distance 
Fig. 3.5.1 Genetic tree of 49 African populations with the 
numbers of the figures where their geographical locations 

can be found. 
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Unfortunately, the available genetic data do not support 
a reasonable analysis and therefore are not considered 
further, although the island appears in the maps of a few 
genes. 


In spite of the exclusion of a number of populations 
that were tested for too few genes, the average number 
of genes in the 49 populations was only 47.6, with a 
standard deviation of 21.9. Sixteen populations (mostly 
from the north) had fewer than 35 genes, 21 between 
35 and 59, and 12 above 60. The average number of 
genes in pairs of populations was 28.6. As far as can be 
judged from the similarity of the genetic and geographic 
or linguistic classifications, results were reasonably sat- 
isfactory, despite the limited genetic information. 

The tree (fig. 3.5.1) shows a major cluster consisting 
exclusively of sub-Saharan populations, and a smaller 
one of Northern and Eastern populations, called North- 
eastern, where Northern includes both Mediterranean and 
Saharan. Nilotic-speaking populations from the south of 
the republic of Sudan do not belong to this cluster. 

The Northeastern cluster splits almost exactly into two 
subclusters, North and East. The only North African 
population not found in the Northern cluster is the Alge- 
rians, who join the Eastern cluster; the only East African 
population not found in the Eastern cluster is the Somali, 
who join the sub-Saharan cluster. 

The major cluster of sub-Saharan populations shows 
several outliers and minor clusters and two major sub- 
clusters, one of which consists of Bantu, Nilotics, and 
related populations, called the Central-Southern cluster, 
and the other, of almost all West Africans. The four out- 
liers and minor clusters are listed in order of branching. 

1. The Mbuti Pygmies are the most characteristic of 
all Pygmies (see sec. 3.7); two other Pygmy groups join 
other subclusters. 

2. The second outlier is a cluster of Khoisanids in- 
cluding Somali. This may be an error, but there are other 
similarities between Khoisans and other West Asians. 

3. The third outlier is a minor cluster of Wolof, Serer, 
and Peul (from Senegal); Peul is French for Fulani, but 
the Fulani from Nigeria join the West African cluster. 

4. A minor cluster comprises the Sara, a Nilo-Saharan 
speaking population from Chad, and Biaka Pygmies 
from the Central African Republic. 

5. Two more internally located outliers are the Funji 
and Bedik, speaking a Nilo-Saharan and a Niger-Congo 
language, respectively. While the first is poorly stud- 
ied genetically (31 genes), the second is slightly better 
known (40 genes). The Senegal cluster is also poorly 
known (25-32 genes). Especially in the case of the Funji, 
the position as an outlier may be due to poverty of the 
genetic data. Mbuti Pygmies (82 genes), the Biaka Pyg- 
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W- R N-MOROCCAN 
W-PEUL , 
W-WOLOF ETH-AMHARA 
! ETHLARIA N-CANARIAN 
W-BEDIK N-ALGERIAN 
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= W-FULANI W-KRU eed 
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ae BNT-C.W. ; 
= NS-HAUSA | 
se BNT-N.E.' N-SUDANESE 
NS-NILOTIC 
. NS-FUNJI C-UBANGIAN N-TUAREG 
BNT-S.W. . 
BNT-N.W. ) SUL ee N-BERBER Fig. 3.5.2 Principal-component analysis of 49 
PG-PYGMOID ; ; 
BNT-S.E.  NS-KUNAMA UNIAN African populations. BNT, Bantu and Bane; 
BNT-C.E. N-EGYPTIAN C, Central; ETH, Ethiopia; KH, Khoisan; 
KH HADZA ! KH-SAN N, North Africa; NS, Nilo-Saharan; PG, 
—— PG-BIAKA pAEERTO! Pygmies; W, West Africa. 


1st Principal Coordinate 


mies (97), and the Sara (50) are better known genetically 
(Cavalli-Sforza 1986a) and their outlying position is very 
likely to be real. 

There are few deviations in this genetic clustering from 
a geographic, physical, or linguistic one. The North- 
eastern cluster includes only Afro-Asiatic languages, 
and nearly all of them, with the exception of Somali 
and Hausa. All Niger-Congo languages are found in the 
Central-Southern cluster, as are also Nilo-Saharan and 
Khoisan languages, which are, however, interspersed 


BerberAlgerian 
Canarian Moroccan 


° Libyan i 
fr) Tuareg iby Egyptian 


Funji 
Wolof Sudanese 


: Beja 
Bedik Peul Fulani Hausa 


Kunama__ Tigre 


Serer Volta Ibo Baria 


Mande Yoruba — Bane 988 Nilotic | Amhara 


Biaka Pygmoid _ Cushitic 
Bantu, N.W. Mbuti Bantu, N.E. 


Bantu, C.W. 
Bantu, C.E. 


Bantu, S.W. 
Khoi 


San ___ Bantu, S.E. 


Fig. 3.5.3 Geographic locations of some populations in 
the tree in figure 3.5.1. 


among the various subclusters and minor clusters. Pyg- 
mies seem to have lost their original languages and speak 
those of present or past neighbors. Linguistic exceptions 
are considered further in the sections that follow. 

Along with the genetic tree, we consider the results of 
a principal-coordinate (PC) analysis (fig. 3.5.2), which 
leads to more information and to a few methodological 
considerations. The geographic locations of the popula- 
tions indicated in figures 3.5.1 and 3.5.2 are shown in 
figures 3.5.3, 3.6.1, and 3.9.1, and some of them in 
greater detail in figures 3.2.2 and 3.8.1 (see also the last 
column of figure 3.5.1). The first PC absorbs 30.4% of 
the information, and, as the picture clearly shows, sep- 
arates Saharan and sub-Saharan Africans. All Ethiopian 
populations lie in the middle, and the San are at the 
very bottom of the diagram. These are the only Khoisan 
people who clearly share, with Ethiopians, this quality. 
The simplest interpretation for this behavior is that these 
two groups are genetically intermediate between Cauca- 
soids, who all appear at the right side of the diagram, 
and the sub-Saharan Negroid Africans, who occupy the 
other side. This important cue is studied further in the 
next two sections using more direct techniques. 

The second PC accounts for only 8.1% of the infor- 
mation but clearly separates West Africans (upper left 
quadrant) from Central and South Africans (lower left 
quadrant), with Nilo-Saharan speakers somewhat inter- 
mediate, but not clearly separated, from either group. 
Pygmies also are interspersed, but the most character- 
istic Pygmies, the Mbuti, are at the extreme bottom, 
a position they share with the San from whom they 
are separated by a substantial difference for the first 
PC, 

The PC analysis thus confirms the observations made 
with the tree, without clearly separating Ethiopians into 
a compact cluster, but pointing out by their intermedi- 


ate position that they may have arisen by admixture of 
Caucasoids and Negroids. It also separates West from 
Central-Southern better than the tree, which is unable to 
show the similarity between the minor and major clus- 
ters of West Africans. But it does not show as dramati- 
cally as the tree the outlying position of Mbuti Pygmies. 
This is inevitable because all these features are segre- 
gated in lower principal components and cannot appear 
in the representation of the first two. We have here a 
nice example of the rule that, even though PC maps and 
trees bring out the same major properties of the data, fur- 
ther probing of the individual distances may be useful. 
However, the distance matrix of 49 populations contains 
1176 elements, a prohibitive number, especially since the 
genetic information is quantitatively modest. Therefore, 
in the following sections, we analyze appropriate sub- 
matrices in more detail by considering separately some 
major outliers and major clusters in the following order: 
Ethiopians and some North African isolates, Khoisans, 
Pygmies, and finally the largest cluster, formed by other 
sub-Saharan Africans. 
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The above conclusions are in reasonable agreement 
with results of other multivariate analyses (Hiernaux 
1968; Nurse et al. 1985; Excoffier et al. 1987), in partic- 
ular with that of Excoffier et al., who used single-gene 
systems (RH, GM, HLA) independently and restricted 
their study to the tribes in which data on each system 
were available and satisfied rigorous criteria of valid- 
ity. Our clusters are inevitably sharper, because a greater 
number of genes and populations have been analyzed. 
The analysis, however, does not confirm the category 
of “elongated Africans,” which seems to correspond to 
differences of a lower order compared with those con- 
sidered here. Physical anthropology and culture set them 
aside from other sub-Saharan Africans, but, while radi- 
ating to many different parts of Africa, they may have 
had enough intermarriage with local groups that the gene 
picture is blurred. They may have maintained their pe- 
culiar elongated phenotype through sexual, and perhaps 
also natural, selection. One cannot exclude the possi- 
bility that more genetic information may bring out their 
ancient relationship. 


3.6. ETHIOPIANS, SOME OF THEIR NEIGHBORS, AND NORTH AFRICANS 


Genetic knowledge of Ethiopians and North African 
Caucasoids is limited. The best-investigated populations 
are used in figures 3.5.1 and 3.5.2. Figure 3.6.1 shows 
their modern geographic location, along with that of 
speakers of Berber languages and other populations of 
special genetic interest. 

Table 3.6.1 shows the genetic distances used for build- 
ing the tree in figure 3.5.1, limited to North and East 
Africans appearing in that tree, and a summary of the 
rest of the matrix. In table 3.6.1, populations are ordered 
sO as to emphasize the split into the two major subclus- 
ters (1) North Africans, from which poorly known Mo- 
rocco (15 genes, after exclusion of Berbers) and Algeria 


WY, Beja 


— Cushitic language speakers (other than Beja) 


ANU Semitic language speakers 


Fig. 3.6.1 Geographic locations of North and East African 


populations discussed in the text (after Murdock 1959, p. 112). 


(24 genes) have been omitted; and (2) East Africans. The 
three lines at the bottom collect three major sub-Saharan 
groups for comparison. The Tuareg, geographically in 
the North, associate genetically with the East subcluster. 
The twe subclusters, North and East, are enclosed in 
triangles in table 3.6.1; the major rectangle collects cross 
relations between the two subclusters and is made up of 
uniformly high distances, as expected, considering the 
two clusters are also well separated geographically. The 
sub-Saharan populations shown in the last three lines 
have uniformly higher distances from all North and East 
Africans, though East-Sub-Saharan distances are smaller 
than the North-Sub-Saharan ones as expected if East 
Africans are a mixture of Caucasoids and Africans. 

In the more developed countries of the Mediterranean, 
there is considerable urbanization and loss of ethnic iden- 
tity. These populations are considered in the first para- 
graph that follows, separating them from populations of 
North Africa that have better kept their ethnic identity 
through geographic and social isolation (Berbers, the 
Tuareg, and the Beja). 


1. Countries of North Africa. Populations appearing 
under the name of their country and not identified from 
an ethnic point of view include Algerians, Tunisians, 
Libyans, Egyptians, and Sudanese, and are usually from 
major cities; they must come from a fairly wide and 
unspecified area around these cities and are therefore 
least informative with respect to their more remote 
origins. The Berber contribution to these populations is 
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Table 3.6.1. Genetic Distances (x 10,000) Used for Building the Tree in Figure 3.5.1 Involving the Major Populations in North, East, and 


Sub-Saharan Africa 


EGY LIB TUN BER BED TUA 


Egypt 
Libya 
Tunisia 
Berber 
Bedouin 
Tuareg 
Beja 

Tigri 
Amhara 
Cushitic 
Sudanese 
Nilotic 
Bantu & Bantoid 
West Africa 


9 
1725 


3 
1393 1997 2664 1840 


1408 1500 1736 1202 1476 


766 
1231 2146 1631 1576 1810 | 867 
472 


536 


654 339 924 614 223 
500 397 511 675 340 


BEJ TIG AMH CUS SUD NIL B&B WAF 


394 381 


a <a ma three ian ular boxes from eta left to ree mfg include distances (1) between North African populations, excluding the rte’) (2) between 
ar tween Sub- a 


ican oe ations, including th 
the tree roups mentioned 
Although this is usually true, there are some exceptions. 


eg; and (3) 


certainly important but is not the only one, especially 
where ancient colonies were known historically (Greeks 
in the eastern part, Phoenicians in the western part of the 
Mediterranean). We also know from historical sources 
(Murdock 1959) that Arab and Bedouin invasions of 
North Africa took place in the first and second millen- 
nium A.D., respectively, and are likely to have further 
contributed to the genetic background of these popula- 
tions. The three reasonably well represented countries, 
Egypt, Libya, and Tunisia, show genetic distances in 
agreement with their geographic distances. The Berber 
and Bedouin backgrounds are obviously not negligible, 
but not overwhelming either. Genetic distances of the 
three countries from the Bedouin or Berbers are about 
equal, but definitely greater than those between the three 
countries, indicating that the urban population of these 
countries has undergone marked admixtures and per- 
haps received other contributions. Berbers and Bedouins 
are about as different from each other as they are from 
Egypt, Libya, and Tunisia. Bedouins are of recent Ara- 
bic origin and show relatively little difference from Arabs 
located today in the Arabian peninsula (see sec. 4.10). 


2. Berbers. Berbers are located primarily in the 
northern regions of Algeria and Morocco, but somewhat 
to the interior, usually not far from the sea (see fig. 
3.6.1). Bedouins in this analysis are found in these two 
countries as well as Egypt (especially the Sinai), but also 
in all parts of Arabia and Socotra. Berbers are believed 
to have their local ancestors among Capsian Mesolithics 
and their “Neolithic” descendants, possibly with genetic 
contributions from the important Neolithic migrations 
from the Near East. Similar radiations of Neolithic Mid- 
dle Eastern farmers took place in other directions (toward 
Europe and Asia), where they contributed heavily to the 
local genetic background. It is reasonable to hypothesize 


ub-Saharan African populations. The rectangular boxes include cross corre 
e. In the feangiaae boxes, the variation between distances should be small if representation by a tree is satisfactory. 


tions among 


that the Berber (Afro-Asiatic) language was introduced 
by the Neolithic farmers. 

Berbers were exposed to heavy pressure from Arabs 
and Bedouins after the seventh and eleventh centuries, 
respectively, and many Berbers have adopted the Ara- 
bic language. Berber languages and customs have sur- 
vived only in smaller niches, mostly in the mountainous 
regions of northern Morocco and Algeria and in some 
northern oases of the Sahara. Berbers today are nomadic 
pastoralists or settled farmers. In Neolithic times, before 
the acquisition of the plow and advanced irrigation tech- 
niques by Berbers, the Canary Islands were occupied by 
a Neolithic Berber population, the Guanche, discovered 
by the Spaniards when they occupied the Canaries late 
in the fifteenth century. The Guanches and the related 
Canarios had lost contact with the continent after they 
stopped building adequate boats and were living an early 
Neolithic type of life at the time of Spanish discovery, 
with barley as a staple, and goats, sheep, pigs, and dogs. 
They made butter and cheese, pottery, did little hunting 
or fishing, and built rectangular stone houses. Physically, 
they had blue or gray eyes, brown skin, and blondish 
hair (Murdock 1959). There is only modest genetic in- 
formation about them, and their original language is ex- 
tinct. Their genetic relationship is highest with northern 
Africa, from where they probably traveled to the Canary 
Islands. 


3. The Tuareg. Among speakers of Berber languages 
are the Tuareg, who inhabit mainly southern Algeria and 
northern Niger, with fewer in neighboring countries 
(Libya); there are also some representatives from Mali 
in the data. In the tree in figure 3.5.1, the Tuareg asso- 
ciate with the East African cluster, Algerians, and the 
Beja; Algerians are poorly known (24 genes); Berbers, 
the Tuareg, and the Beja are better known (72, 62, and 


48 genes, respectively), and therefore the relations of 
the last three populations deserve greater attention than 
those of the Algerian data. We are confronted with the 
new finding that, although the Tuareg speak a Berber lan- 
guage, they show a closer genetic relationship with the 
Beja. The origin of the Tuareg is not fully understood. 
There are indications that they may have moved to the 
center of the Sahara in order to escape Arab attacks in 
the seventh and eleventh centuries A.D., but their earlier 
whereabouts are not known. They have always been a 
very mobile people, being pastoralists who may have 
been among the first in Africa to make extensive use of 
horses and, later, camels. Up to modern times, the Tu- 
areg have been the major camel traders on the traditional 
caravan routes across the Sahara. They have a developed 
literature and use an ancient Libyan alphabet called tif- 
finagh, which suggest a more eastern and northern ori- 
gin at some earlier time. The Tuareg have dark-skinned 
slaves, and there is considerable variation in skin color 
from the nobility to the servants. It is possible that their 
genetic similarity to the Beja and Ethiopians is a con- 
sequence of their having some black admixture; but Tu- 
areg slaves have usually not been sampled, or were sam- 
pled separately. Although the Tuareg are classified with 
Berbers on linguistic grounds, it is clear that they show 
important ethnic distinctions from Berbers and have a 
developed culture of their own. 


4. The Beja. The Beja (or Bega) are a group of 
nomadic pastoralists speaking a Cushitic language and 
may have long inhabited the area that they now occupy 
in northern Sudan, between the Nile and the Red Sea. 
Egyptian records indicate they have been in this region 
at least since 2700 B.c. as independent pastoralists (Mur- 
dock 1959). They may have actually been in place since 
4000 sB.c. There are records of fights between the Beja 
and Meroe in the first millennium B.c., and later with 
Arabs. They were part of the Aksum empire. Even to- 
day their economy is almost exclusively pastoral, and 
they mostly subsist on milk, butter, and meat provided 
by sheep and goats, cattle, and camels. 

The relation between the Beja and the Tuareg is quite 
interesting. Both are pastoralists and both speak Afro- 
Asiatic languages, though from two different branches. 
Because nothing is known about the more remote his- 
tory of either group, the genetic similarity shown in 
table 3.6.1—one of the highest in the whole table— 
is unexpected and demands explanation. The matrix of 
table 3.6.1 clearly shows that the Tuareg do not be- 
long genetically to the Berber-North African group, but 
rather to that of Ethiopians, to which Beja also belongs, 
although there is no marked similarity of either the Tu- 
areg or the Beja with Ethiopian groups. Both the Tuareg 
and the Beja are numerically conspicuous (360,000 and 
900,000, respectively; Grimes 1984) The Tuareg are 
widely dispersed over a large area and are very mobile; 
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the gene frequencies we used are averages of many 
groups. Hence, the data we use for both the Tuareg and 
the Beja may have been little affected by drift. At face 
value, their genetic difference may correspond to a ge- 
netic separation a little less than half as long as that 
from Ethiopians. Their time separation could be over 
5000 years if the Beja were already in the area in which 
they are now some 5000 years ago and the Tuareg had 
already separated by that time. One can explain the sim- 
ilarities of the Beja and the Tuareg in other ways, but at 
this stage the hypothesis of their common origin should 
be considered a serious possibility. If the Beja and the 
Tuareg were once truly one population, their present lin- 
guistic divergence may be due to either the influence 
of the Berber milieu that the Tuareg may have joined 
after their separation from the Beja, or by the Beja lan- 
guage being a consequence of the political domination 
of Ethiopians. Today the Tuareg are by far the more mo- 
bile of the two; if this has been true for a long time, it is 
more likely that the Tuareg separated from the Beja and 
migrated westward 5000 years ago. 


5. Ethiopia and Somalia (East Africa in the narrow 
sense). The Tigre region in Eritrea and neighboring re- 
gions of northern Ethiopia were the center of the Aksum 
empire. Tigre and Tigrinya are two Semitic languages 
spoken in the north and south of the region, respectively. 
They are related to Geez, which, though now extinct, 
is still used for literary and liturgical purposes. These 
languages, together with Amharic and Gurage, all be- 
long to the southern branch of West Semitic, originally 
spoken in southern Arabia. Amharic is today the offi- 
cial language of Ethiopia and has the most speakers, but 
it is confined to North-Central Ethiopia. The presence 
of Semitic languages must reflect the historical Arabian 
contacts. 

Other populations that are less well known genetically 
include the speakers of the Cushitic branch of Afro- 
Asiatic, who are spread over most of Ethiopia and Soma- 
lia. The Beja form a branch of Cushitic by themselves. 
The major branch, Cushitic proper, includes Somali 
(2-3 million people), Billen (32,000, Eritrea), Falasha 
(20,000 near Lake Tana, of Jewish faith but of Ethiopian 
origin, now in Israel), Sidamo (farmers, about 900,000, 
in the south), Galla (pastoralists, 5 million), Afar (pas- 
toralists, 200,000, in the east), and many others. The 
first three are the best known genetically. The speakers 
of two branches of Afro-Asiatic languages, one spoken 
in western Ethiopia (Omotic), the other in the area of 
Lake Chad (Chadic), are very poorly known genetically. 

The Barya (more correctly known as Nara; Barya 
means slaves) number 25,000, and their neighbors, 
Kunama (also from Eritrea), 45,000-—70,000. These rel- 
atively small groups speak Nilo-Saharan languages as do 
the Funji or Gule, who live in Sudan, on the Blue Nile 
near the Ethiopian border. 
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In the matrix summarized in table 3.6.1, we show 
among sub-Saharans, the averages of Nilotic speakers 
(mostly from southern Sudan, but also from Uganda 
and Kenya), of the major Bantu-speaking groups, and 
of West Africans, in order to illustrate the considerable 
difference of both North Africans and East Africans, but 
particularly North Africans, from all the rest. 

In summary, the information available on individ- 
ual groups in Ethiopia and North Africa is fairly lim- 
ited but sufficient to show that they are all separate 
from sub-Saharan Africans and that North Africans and 
East Africans (Ethiopian and neighbors) are also clearly 
separate. Estimation of admixture by standard methods 
(Guglielmino-Matessi et al., in prep.) has given values 
of about 60% African and 40% Caucasoid, using sub- 
Saharan Africans as African “parents” and Southwest 
Asians as Caucasoid parents. Because very similar results 
are obtained using North Africans as Caucasoid parents, 
it is difficult to tell whether Southwest Asians or North 
Africans contributed the Caucasoid genes. Perhaps both 
did. Using the simple Fsr approach discussed in chapter 
1 for calculating admixtures, average gene frequencies 
from Nilotic speakers as prototypes of African ancestors, 
as well as gene frequencies of North Africans averaged 
for the five groups of table 3.6.1 as Caucasoid ancestors, 
one obtains 53% of African (and 47% Caucasoid) con- 
tribution for Tigre, 57% for Amhara, 56% for Cushitic. 

It is of interest, however, that there are relic popula- 
tions in Ethiopia that may show greater similarity to the 
San or to Southwest Asian populations. One group from 
the mountain forest in Ethiopia near Bonga (in the Kaffa 
region) has been examined for markers on a small sam- 


3.7. KHOISANIDS 


When white settlers in South Africa first made con- 
tact with the local aborigines in the seventeenth century 
they found two types of people: the Khoi (Hottentots 
and others), who were cattle-herders, and the San, who 
were hunter-gatherers. The two people are closely re- 
lated biologically, as shown by their having in common 
several physical characteristics discussed above (e.g., 
steatopygia and the tablier; see Nurse et al. 1985, To- 
bias 1978). They also spoke closely related languages, 
as shown by, among other things, the presence of unique 
sounds, clicks. Clicks are also used by a few Bantu tribes 
that had extensive contact with Khoisanids (e.g., Zulu, 
Xhosa). We have already mentioned the Khoisan lan- 
guages spoken by two groups in Tanzania, the Hadza and 
Sandawe, further considered below. Furthermore, there 
are also click sounds in groups living in Kenya. The 
latter, however, are controversial. We will consider the 
Khoi and San separately, since they show many genetic 
differences. 


ple of individuals. Especially interesting were the GM 
markers that indicated a possible Asian origin (Nijenhuis 
and Hendrikse 1986). Little is known anthropologically 
about these populations. 

The simplest conclusion is that most Ethiopians come 
from an admixture in which a slightly smaller fraction, of 
Caucasoid origin, may have come in part from northeast 
Africa and in part from Arabia, but ultimately mostly 
from the Middle East, considering that Neolithic Middle 
Eastern migrants must have contributed in an important 
way to North African genes. The slightly larger frac- 
tion of Negroid genes may have been in situ in early 
Neolithic times, perhaps having come to Ethiopia from 
the west, southwest or south, before the beginning of 
Egyptian civilization. A contribution from the San peo- 
ple is considered possible or even likely, if we accept 
their presence in Ethiopia 10 kya or earlier. On the ba- 
sis of present data, it is difficult to distinguish from the 
later Caucasoid contribution coming from Arabia at the 
times of the Sabean and Axum empires and other likely 
similar contacts, earlier and later, with Caucasoids from 
West Asia. Originally, languages may have been Cushitic 
and have been replaced by Semitic languages in the 
north of Ethiopia under the influence of South Arabia. 
Knowledge of Omotic-speaking populations, at the mo- 
ment extremely limited, would also be of interest, es- 
pecially since Omotic is generally considered the most 
divergent branch of Afro-Asiatic. In the next section, 
we consider Khoisanids (for whom a problem of admix- 
ture similar to that posed by Ethiopians arises), com- 
pare the two admixtures, and examine possible times of 
origin. 


There is substantial genetic information on the Khoisan 
(for summaries, see Tobias 1978; Nurse et al. 1985) and 
in particular on the San. Total numbers for the latter may 
be of the order of 55,000, of which perhaps only 10% 
are relatively unacculturated. The San are divided geo- 
graphically and linguistically into northern, central, and 
southern; they have all been pooled to reduce the effects 
of drift in the comparisons with other populations. 

In the tree analysis of the 42 world populations dis- 
cussed in chapter 2, the San associated with other 
Africans and showed somewhat greater similarity with 
Ethiopians, with which they form a loose pair. On boot- 
strapping, however, the association between the San (or 
Ethiopians) and the other four sub-Saharan African pop- 
ulations is loose and only sufficient to guarantee that all 
six sub-Saharan African populations form a single cluster 
in barely more than 50% of all bootstraps. In the other 
bootstraps, the San associate with Caucasoids, or, more 
rarely, with Orientals, and the same is true of Ethiopians. 
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Table 3.7.1. Genetic Distances (x 10,000) between San, Ethiopians, and Representative Groups of Sub- 


Saharan Africans and Asians 


BAN NIL WAF MBP 


Bantu 

Nilo-Saharan 

West African 

Mbuti Pygmy 

San 1002 885 
Ethiopian 659 829 697 
Near East 1779 1824 1455 
lran 2242 2077 1796 
India 2202 2074 1748 


Southeast Asia | 2829 2590 2114 


SAN ETH NEE IRAN IND SEA 
0 
155 0 


1119 844 0 


Note.— The rectangular boxes show the cross distances between three major groups of populations. Bantu, Nilo-Saharan, 
West African, and Mbuti Pygmies are from Sub-Saharan Africa. The last four populations are all Asian. San and 
Ethiopians seem intermediate between Sub-Saharan Africans and Asians and are close or closer to West Asian than to 
other Africans. Homogeneity of distances in the rectangular boxes is not entirely satisfactory, and a modification of the 


observed tree might be advisable but is not easily carried out. 


In the tree in figure 3.5.1, the San are the second out- 
liers of the sub-Saharan group. In table 3.7.1 we give an 
excerpt of the Fsy distance matrix of the 42 world pop- 
ulations, showing the relationships between all African 
and a selection of Asian populations. The Near East in- 
cludes all populations from Southwest Asia, from Turkey 
to Arabia. 

From table 3.7.1, a clear pattern emerges. The San 
differ from other sub-Saharan Africans 0.1082 + 0.0140, 
that is, more than any sub-Saharan group differs from 
any other (the mean distance is 0.0461, the maximum 
0.0801). While the other sub-Saharan groups differ from 
the three geographically closer Asian groups 0.1966 + 
0.0146, the San differ from them only 0.1131 +0.0126, 
a highly significant difference. These three Asian groups 
genetically closer to the San are all Caucasoid, but 
Ethiopian groups show no indication of close related- 
ness to the San. An approximate test of the hypothesis 
that the San are an admixture between African and Cau- 
casoid can be made by comparing the three distances (re- 
transformed back to Fsts, see formulas 1.11.3, 1.11.4): 


distance Fst 
sub-Saharan—San 0.1082 0.1026 
San—Caucasoid 0.1131 0.1069 
sub-Saharan—Caucasoid 0.1966 0.1785 


Using formula (1.17.3) these values give m = 0.49 as 
the contribution of Caucasoid, and 1— m = 0.51 as that 
of Africans. 

Figure 3.7.1 shows a graphical analysis of admix- 
tures, in which Near Eastern data are used in lieu of 
Caucasoid because they are closer geographically. The 
numbers are therefore slightly different. Note that the 
edges of the triangles are the square roots of distances. 
The contribution of Near Eastern is somewhat greater 
than that of Africans, the estimate of admixture being 
just above half (m = 0.56). A more thorough test of 
admixture gave similar results. Ethiopians showed a 


slight preponderance of the African component, using 
Caucasoids as parents, and m = 0.54 using Near East- 
ern data, but they also have considerable genetic distance 
from the San (0.0777); thus, the San and the Ethiopians 
are likely to have been independent admixtures at rather 
different times, though with similar initial components. 
Even if the initial components were geographically and 
ethnically the same, they would have evolved between 


A San m=0.56 


N0.1025 0.0842 


Sub-Saharan 


African Near Eastern 


0.1646 


B Ethiopian m=0.54 


0.0818 0.0684 


Sub-Saharan Near Eastern 


African 0.1646 
C Khoi m=0.43 
0.0368 T N 0.0514 
Bantu San 
0.1102 


Fig. 3.7.1 Graphical analysis of admixtures involving 
San, Ethiopian, and Khoi. Triangles are built by using 
the square roots of the distances of population pairs as 
lengths of the sides. The presumed parental populations 
are the two corners of the base of the triangle. The pre- 
sumed mixture is the top corner. For the calculation of 
percentage of admixture m, see formula (1.17.3). 
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the first and second admixture. On the basis of histori- 
cal considerations, the mixture resulting in Ethiopians is 
likely to be later. 

The map of the early distribution of Khoisanids (fig. 
3.2.2) shows the sites of presumed skeletal remains of 
the San. The proximity of East and North Africa to 
Southwest Asia makes it extremely likely that there was 
admixture between Africa and West Asia. 

An alternative hypothesis should be considered. Some 
peculiar external characteristics of Khoisans, and the 
uniqueness of clicks, have struck the imagination of 
many anthropologists to the point that some scholars 
have considered the Khoisan a separate race of very re- 
mote origin (Coon 1963). In line with this, some lin- 
guists have seen the clicks as primordial sounds of hu- 
man language, preserved only in Khoisan. Data from 
the analysis of an approximately 700-nucleotide region 
of mtDNA, already discussed in section 2.4 (Vigilant et 
al. 1989), seem to give some weight to the idea that 
Khoisan are direct descendants of primitive human an- 
cestors. Our analysis of gene frequencies on the basis 
of the admixture hypothesis leads to the opposite con- 
clusion, namely, that Khoisans are the result of a rela- 
tively early admixture between Africans and Asians. It 
is not easy, however, to distinguish between the two hy- 
potheses that Khoisans are the root of all humans or the 
result of an admixture, for in many respects these two 
hypotheses give the same expectations, especially look- 
ing at gene frequencies. At this time and until further 
data accumulate and other analyses are made, it may be 
useful to consider both hypotheses possible and wait for 
further elements that may help in distinguishing them. 

The Khoi behave somewhat differently from the San; 
in the tree in figure 3.5.1, they are outliers of a minor 
cluster formed by the San and Somali. This minor cluster 
is now easier to explain on the basis of the above con- 
siderations. Distances between Khoi, Bantus, and San 
are given in table 3.7.2. Clearly, the Khoi are closer to 
all Bantu groups than to the San. They are also darker in 
skin color, and they have certainly had extensive contacts 
with Bantus since they acquired cattle-breeding practices 
from them. The hypothesis of admixture therefore seems 
quite reasonable (see fig. 3.7.1). It is not clear (Nurse 
et al. 1985) whether the contact happened north of the 
Zambesi (in what is now the country of Zimbabwe) or in 


the Kalahari Desert. One cannot exclude the possibility 
that the contact may have occurred even farther north. 
There are, however, some linguistic considerations sup- 
porting the hypothesis that the contact happened in the 
Kalahari between an advance party of Bantus with cattle 
who may have fused with central Bushmen, whose di- 
alect is most similar to that of the Khoi. We have already 
cited work by Denbow and Wilmsen (1986) and others 
suggesting that an important contact between Bantus and 
Khoisan occurred in the Kalahari 1500 years ago. 

Today the Khoi (more than 100,000) comprise three 
major groups: the Nama in Namibia, the !Ora (Griqua) in 
Orange, and a number of individuals of varying degrees 
of admixture who have mostly lost identity. In cities they 
are classified with the “Coloreds,” an officially desig- 
nated group including individuals of very diverse eth- 
nic origins. Because of pastoral customs, the Khoi have 
acquired the gene for lactose absorption, which is not 
found in populations outside Europe other than African 
pastoralists who use milk as adults. Gene frequencies 
(Nurse et al. 1985) that are close to zero in San and 
most Bantu groups reach as high as 29% in Namas, cor- 
responding to about 50% absorbers (because the gene 
is dominant). This is a fairly high figure and implies a 
reasonably long period of pastoralism unless the propor- 
tion of non-Khoi in the initial admixture was high. Cat- 
tle did, however, arrive in South Africa earlier than was 
previously thought, and we have seen that first contacts 
between the Khoi and Bantus also occurred early. 

Gene frequencies show the similarity of Khoi is highest 
with Southeast Bantus, their present neighbors, but next 
highest with Central-Eastern Bantus (table 3.7.2). As- 
suming that a mixture between Southeastern Bantus and 
San generated the Khoi, the average mixture proportions 
are 57% Bantu and 43% San. Figures would be slightly 
different using Central-Eastern Bantus as parents. 

The contact of the Khoi, and perhaps also the San, 
with Bantu immigrants led to gene flow not only into 
the Khoi, but also into the Bantus, as suggested by the 
high figures of GM markers typical of Khoisan among 
Bantu tribes. The figures are especially high in South 
Africa, Zambia, and Mozambique. The admixture with 
San 1s estimated (Jenkins et al. 1970; Nurse et al. 1985) 
to be as high as 60% in the Xhosa, the most southern 
Bantu population in South Africa. This result needs con- 


Table 3.7.2. Genetic Distances (x 10,000) Comparing Bantus and Khoisanids 


Khoisanids NE CE SE 


San 996 1029 943 
Khoi 304 309 256 
Sandawe 245 396 398 
Hadza 418 440 670 


CW SW Meant+S.! San 
1362 1338 1168+81 

4200 413 375431 528 

182 336 335442 1794 

461 406 463443 1444 


* Bantus are grouped in six geographic clusters described in a later section (see Table 3.9.3). 


t S.E., Standard error. 


firmation from other genetic markers before it can be ac- 
cepted. Results of tree analysis (fig. 3.5.1) suggest that 
the estimate should be lower, but for accuracy tree anal- 
ysis should be repeated with the single tribes. A marker 
like GM, belonging to the immunoglobulin system, may 
respond to natural selection resulting from infectious dis- 
eases, substantially altering its gene frequencies. The 
excessively high degree of admixture suggested by GM 
may indicate that the Khoisan GM markers confer (or 
conferred) higher resistance to local diseases. Accurate 
analysis of the heterogeneity of admixtures calculated for 
single genes might help to assess the effects of natural 
selection for these genes. The new DNA polymorphisms 
may be very useful for resolving this discrepancy. 

Although it may not have been as high as the GM 
estimates would indicate, there clearly was gene flow 
from the Khoisan into the southern Bantu populations, 
which was paralleled by the linguistic flow (“borrowing” 
in linguistic terminology) of clicks into a few Bantu lan- 
guages. Some Negroid populations in South Africa do 
not have specific Khoisan genes but speak a Khoisan 
language (Dama; see Nurse et al. 1985). 

Two populations speak Khoisan languages but are 
located far north of the Khoi and San, in Tanzania, the 
Hadza and the Sandawe. The Hadza are a relatively 
small group of nomadic hunter-gatherers (about 2000), 
living southeast of Lake Victoria, at a short distance from 
the Sandawe (about 40,000), who were hunter-gatherers 
but have recently acculturated. Surprisingly, the two lan- 
guages have almost no reciprocal similarity, even though 
they both show similarity to the Khoisan languages 
(Greenberg 1963). These two groups appear in the ge- 
netic tree as outliers of the sub-Saharan African cluster. 
The Sandawe are at an average distance of 335 + 42 (ta- 
ble 3.7.2) from all Bantus and have an especially small 
distance from Central-Western Bantus. If this greater 
similarity can be taken at face value, Sandawe may have 
hybridized while these Bantus were on their way toward 
the southeast; but it is possible that the Sandawe also 
moved considerably before reaching their present loca- 


3.8. PYGMIES 


A recent publication on Pygmies (Cavalli-Sforza 1986) 
is briefly summarized below. References given here are 
limited to later publications. | 

Many groups of Pygmies live in Central Africa, all 
of which have several characteristics in common. Small 
stature is the most important one, since they —or at least 
one particular group, the Mbuti—are the smallest people 
on earth. In general, populations living in tropical forests 
are small the world round (see sec. 2.13), in agreement 
with the idea that small stature represents an adaptation 
to warm and humid environments. Although it is not 
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tion. The genetic distance between Hadza and Sandawe 
is 426, of the same order of magnitude as those of the 
Hadza and the Sandawe with a group including all other 
sub-Saharan Africans. The Hadza, however, are a little 
more distant from other Bantus than Sandawe, perhaps 
because they are a smaller population and hence more 
subject to drift. They show no particular similarity with 
any Bantu subgroup. 

Both the Hadza and the Sandawe have retained very 
little, if any, genetic similarity with the San; they show 
the same similarity with the Khoi as they do with Bantu 
subgroups or with each other. The lack of special ge- 
netic similarity between these two displaced Khoisan- 
speaking people is in agreement with the low level of 
linguistic similarity. The case of the Hadza and San- 
dawe may be similar to that of the Dama, a Negroid 
tribe speaking a Khoisan language, who are usually con- 
sidered with the Khoi. Obviously, in several instances, 
an almost complete replacement of genes has occurred 
while the language was maintained, or vice versa. The 
second alternative may seem less likely, if it 1s true that 
for imposing one’s language, a group must have an ad- 
equate social, political, and military organization (Ren- 
frew 1989a). It has been suggested, however, that the 
Dama were originally brought to Namibia as slaves of the 
Khoi and then freed themselves (Nurse et al. 1985). This 
would indicate a higher social and political organization 
of Bushmen groups than present today. The case of the 
Hadza and Sandawe is different, however, from that of 
the Dama, because today they live very far from any 
Khoisan-speaking groups. Moreover, unlike the Dama, 
their languages have changed enough that their acqui- 
sition of the Khoisan language, or, more probably their 
loss of contact with other Khoisanids and the beginning 
of their genetic assimilation by neighboring groups, must 
be relatively ancient. The possibility may also be enter- 
tained that their genetic similarity with Khoisans never 
existed, and their language was acquired because of po- 
litical imposition or social influence in Khoisan milieu 
in a fairly distant past, as hypothesized for the Dama. 


completely clear how the height of African Pygmies is 
determined genetically, some information indicates that 
it is determined by a codominant single locus, perhaps, 
but not necessarily, the same in different Pygmy popula- 
tions. Pygmies have normal levels of growth hormone, 
but lowered levels of growth-hormone receptor (GHR) 
and insulinlike growth factor I (IGFI); the latter remains 
low during adolescence, while in non-Pygmy individ- 
uals, IGFI increases about threefold. The major differ- 
ence in the growth curves of Pygmies and non-Pygmies 
is that the former do not show the adolescent growth 
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spurt, indicating that GHR and IGFI increase at puberty 
is responsible for this spurt and its lack in Pygmies de- 
termines their small stature (Merimee et al. 1987). 

Facts and causes of the small stature of other non- 
African “Pygmies” around the world are less clear. They 
could well represent independent adaptations, given that 
a decrease in stature is very likely to be a major factor 
of adaptation to a hot and humid climate. There is in 
general a reasonable correlation between the stature of 
African Pygmies and the degree of admixture with other 
local populations. It should be noted, however, that non- 
Pygmy populations living in the forest are also smaller, 
on the average, than populations from the savanna (Hier- 
naux 1968), in a few cases because of Pygmy admixture. 
Pygmies are definitely smaller, however, than other pop- 
ulations from a similar environment. 

The Pygmies’ life in the forest is made possible by an 
economy of hunting and gathering, which many still prac- 
tice. They are, however, progressively shifting to a mixed 
economy with some agriculture of their own, but more 
frequently to partial dependence on settled farmers, with 
whom they exchange game and labor for food like man- 
ioc and bananas, alcoholic drinks, and items that they do 
not produce like iron tools, tobacco, and pottery. Where 
the forest has been destroyed, Pygmies have been forced 
to change their economy; for instance, pottery making (in 
Rwanda and Burundi) and fishing (in Zambia) have be- 
come major occupations. Forest destruction has usually 
resulted in a loss of identity and faster admixture. Another 
major feature common to almost all Pygmy groups is the 
association with a local group of settled farmers, whose 
language they have acquired. In this association, Pygmies 
are always the lower caste, being the farmers’ hereditary 
servants (the word slaves would not be accurate in this 
case). Pygmies have repeatedly decided to move to new 
forest regions, in which case an association with new 
farming masters is generated. Pygmies may continue to 
use the language of the old masters, which then becomes 
their “own,” while they also acquire that of the new mas- 
ters. An important fraction of their vocabulary, relating 
to forest flora and fauna, is not found in the farmers’ lan- 
guage and may be more ancient (S. Bahuchet, unpubl.). 

Genetic exchange between farmers and Pygmies is 
limited, but is more frequent in some villages and groups 
than in others. There are some rules that are almost al- 
ways observed. 

1. Farmers may acquire Pygmy wives, but not vice 
versa; the bride price to be paid is lower for a Pygmy 
wife, and Pygmy women are credited with higher fertil- 
ity. In the case of the Rwanda Tutsi, there have been a 
few Pygmy women who married Tutsi kings and became 
queens (Desmarais 1977). This custom varies greatly 
between farmers’ tribes and also between villages of the 
same tribe. , 

2. The children of the mixed couple are raised in the 
farming culture, although they often have lower status. 


For this reason, gene flow is from Pygmy to Bantu or 
other farming group. We therefore expect to find Pygmy 
mtDNA among farmers who accept Pygmy wives. 

3. Reverse gene flow (farmer-to-Pygmy) can also take 
place. This may happen in individual instances, probably 
infrequently, because of illegitimate unions, or in cases 
in which divorced Pygmy wives who married a Bantu 
farmer take their children back to the Pygmy group of 
origin. 

These conclusions come from modern, limited field 
observations. It is necessary to conclude, however, that 
there are, or were in the past, occasions of more sub- 
stantial gene flow from farmer to Pygmies. Assuming 
the Mbuti are the ancestral pygmy type, and Bantu the 
other ancestors (Wijsman 1984), it was estimated that 
Biaka Pygmies of the Central African Republic are only 
18.5%-31% Pygmy (significantly different from zero), 
the different values depending on various assumptions 
made. The Pygmy component would probably be higher 
if non-Pygmy ancestors used in the estimation were 
tribes of origin closer to that believed to be correct, for 
which, however, there are not enough good data. No sig- 
nificant evidence could be found for a Pygmy component 
in Cameroon Pygmies; estimates for Rwanda Pygmies 
varied from 19% to 25% according to hypotheses (sig- 
nificantly different from zero). Pygmoid populations can 
therefore be indistinguishable, genetically, or hardly dis- 
tinguishable, from some groups of farmers. Their stature 
remains on the low side, however, perhaps because of 
natural selection of the hot and humid climate of the for- 
est in which they usually live, or lived until a short while 
ago, or because of sexual selection. Pygmoids have often 
maintained strong Pygmy traditions, although one cannot 
entirely exclude the possibility that in some cases they 
were acquired. Physical characteristics (e.g., stature) and 
Pygmy customs are usually the major criteria employed 
for the Pygmy classification. 

We have already discussed (sec. 1.17) the possibility 
that the gene pool can be almost entirely replaced by con- 
tinuous gene flow over hundreds or thousands of years. 
Although Pygmies are relatively protected against gene 
flow from other populations, many Pygmy tribes show 
extensive gene replacement and few have remained rel- 
atively unaltered. One example of prolonged contact be- 
tween Pygmies and farmers, which has been investigated 
at the historical level by ethnographic and linguistic in- 
formation, is that of the Biaka Pygmies in the Central 
African Republic (Thomas and Bouquiaux 1976). They 
clearly show extensive hybridization with non-Pygmies 
when compared with the Mbuti Pygmies, as will be ex- 
plained later, but today there are very few examples that 
interbreeding is going on at present between the groups 
of Biaka studied and local farmers. Examples are limited 
to a few villages and take place in the forms described 
above under points 1-3, which can generate only minor 
farmer-to-Pygmy gene flow. 


East and West 


All other Pygmoids 


SOUTH AFRICA 


Fig. 3.8.1 Geographic location of major Pygmy groups 
and of those studied in this survey (Cavalli-Sforza 1986a). 


Like all hunter-gatherers, Pygmies live in small groups 
(camps), typically averaging 30 individuals, which are 
highly mobile but move only within a clearly defined 
geographic area. A number of camps may be associ- 
ated in mostly patrilinear bands. Pygmies choose mates 
at some distance from the group (on the average, 30- 
50 km), so their endogamy is not high. As they become 
sedentary, the distance between birth places of mates de- 
creases. Populations intended as social (mating) groups 
are not small and hence drift is not too important, but 
there may be important genetic differences between pop- 
ulations located at some distance from one another and 
reciprocally isolated. 

We have formed three geographic groups for the pur- 
pose of this analysis (fig. 3.8.1), Eastern Pygmies, West- 
ern Pygmies, and Pygmoids. 

1. Mbuti or Eastern Pygmies, live in the Ituri for- 
est, northeastern Zaire, almost directly on the equator. 
They speak languages of the Nilo-Saharan family. Cross- 
exogamy between groups speaking different languages is 
not known quantitatively. Mbutis are the smallest Pyg- 
mies (sec. 3.4). The total number may be around 30,000 
or more. 

2. Aka (also Biaka and Babinga) or Western Pygmies 
live in the forest between the Central African Republic, 
the eastern part of Cameroon, and the northern part 
of the Popular Republic of the Congo. They number 
about 30,000 and speak languages belonging to two 
different branches of the Niger-Kordofanian family, the 
Adamawa-Ubangian, and the Bantu group C. They are 
somewhat taller (8-9 cm more) than Mbuti Pygmies, 
but are otherwise fairly similar sociologically. There is 
no genetic exchange with Mbutis, who live at a con- 
siderable geographic distance, and in addition to a sub- 
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stantial average genetic difference from them, there are 
also different “private” genes in both groups; hence the 
reciprocal isolation may be ancient. It is also difficult to 
tell how private these alleles are because the immediate 
neighbors with whom some exchange takes place are 
usually not known genetically. 

3. We have pooled all other Pygmy groups, from 
southwestern Cameroon, Rwanda, and northwestern 
Zaire, into “Pygmoids.” They are usually somewhat 
taller and more widely acculturated than the other two. 
They are from very different regions and form an het- 
erogeneous group. 

The Pygmies that are most different genetically from 
the remainder of the Pygmies and other Africans are also 
the smallest in stature, the Mbuti. They are unquestion- 
ably the most representative Pygmies in most respects and 
were therefore kept separate from the other Pygmies. They 
are reasonably well known genetically (82 genes), though 
less well known than the Biaka (97 genes) (Cavalli-Sforza 
1986a), who are more easily accessible. Pygmoids are 
less well known (55 genes, mostly due to lack of data 
on HLA). Mbuti Pygmies are clear outliers of the sub- 
Saharan cluster in figure 3.5.1, their average distance 
from the rest of the sub-Saharan cluster being almost as 
large (874) as that between Northeast Africans and Cau- 
casoids (964). With the constant (genetic distance/time 
ratio) calculated in chapter 2, their separation time would 
be about 18 kya. This estimate of separation time is to 
be taken with great caution because it is certainly deeply 
affected by admixture. Table 3.8.1 shows the F'sz dis- 
tances of Pygmies among themselves and with the most 
representative groups of other sub-Saharan Africans. 

Mbutis are clearly the most distant from other 
Africans, the Biaka are intermediate but closer to the 
average sub-Saharan African than to Mbutis, and Pyg- 
moids are closest to the average African. At least for 
Biaka Pygmies, linguistic and ethnographic analysis in- 
dicate that they were probably in the southwest of the 
republic of Sudan before the Arab invasion of Sudan 
(about 1000 years ago) and traveled from there in as- 
sociation with, and probably scouting for, the Ngbaka, 
an Ubangian-language-speaking tribe from that region. 
They are believed to have first traveled south toward 
northeast Zaire, where an Ngbaka tribe still exists and 
is perhaps related to the Zairian one. There is some ge- 
netic information on the Zairian Ngbaka and, in terms 
of genetic distance, they are closer to the Biakas than 
any of the tribes studied so far (distance data in Cavalli- 
Sforza 1986a). Biaka Pygmies, and probably a fraction 
of the Ngbaka, continued westward and then to the north, 
reaching their present location in the extreme southwest 
of the Central African Republic. There they associate to- 
day with various local tribes, one of which is also called 
Ngbaka (presumably a splinter of the Zairian tribe by 
the same name) and lives close to the Biaka, but unfor- 
tunately has not been typed genetically. 
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Table 3.8.1. Genetic Distances (x 10,000) of Pygmies among Themselves and between the Most Representative Groups of 


Other Sub-Saharan Africans 


Sa a a I I I a I I EE ITI IO ET TIE I IP OE ITT LOTTE CIEE ID TI TID LP ETE ALE EAL OTE LTT EE I DAL DIATE LTD 


Bantu’ 


Pygmies NE CE SE NW CW SW 


Mbuti 714 765 850 698 933 #849 
Biaka 363 295 310 256 389 339 
Pygmoid 131 132 223 216 262 266 


Pygmies 
Nilotic Sara Ubangian San  Mbuti Biaka Pygmoid 
1064 800 849 851 0 
456 248 339 311 465 0 
407 311 226 224 385 179 0 


* Bantus are grouped in six geographic clusters described in a later section (see Table 3.9.3). 


Pygmies were probably once more widespread than 
they are today. Egyptian documents indicate that in 
2300 B.c. the Egyptians were in contact with Pygmies 
called Aka, which is still the name of one major Mbuti 
group and is also the name of the western Pygmy group 
(Biaka is simply the plural form of Aka). The dis- 
covery of the first Egyptian document about the Pyg- 
mies goes back to the end of the nineteenth cen- 
tury. Although it was asserted that the document 
referred to chondrodystrophic dwarfs, Egyptologist Daw- 
son (1936) showed that the Egyptian words for chon- 
drodystrophic dwarf and for Pygmy are different. 
Pygmies were valued by the pharaohs because of their 
dancing skills, which are famous to this day in much of 
Central Africa, and probably also for their knowledge 
of herbal medicine. For this reason, a general was sent 
to capture them “in the Land of Punt” (probably, the 
sources of the Nile; it must have been the White Nile). 
The contact with Egyptians may have taken place in the 
southern part of the republic of Sudan, perhaps not far 
from the upper Nile Valley and most probably in a more 
northern location than that in which Pygmies are found 
today. They may have later left those areas, perhaps un- 
der Arab pressure, as probably happened with the Biaka. 


3.9. BLACK SUB-SAHARAN AFRICANS 


Of the 49 populations studied in figure 3.5.1, 
those that are located in sub-Saharan Africa (exclud- 
ing Khoisanid and Pygmies, already discussed) include 
West Africans, Bantus living in southern Africa (south of 
the third parallel north), and populations living in Cen- 
tral Sudan (more specifically, in a rectangle delimited 
by the Sahel at the north, the third parallel north at the 
south, Nigeria to the west, and Ethiopia to the east). In 
the northern section of this region, languages belong in 
part to the Niger-Kordofanian phylum (to which all West 
African and Bantu languages belong) and in part to the 
Nilo-Saharan phylum. We have seen that Bantu people 
tend to cluster in the PC map and do so more loosely in 
the tree; the same is true of West Africans. 

Figure 3.9.1 shows the location of the tribes and 
groups of tribes compared in the tables of genetic dis- 
tances; figure 3.9.2 gives a PC analysis limited to Niger- 
Congo and Nilo-Saharan speakers, after leaving out Pyg- 


The San show no special association with Pygmies 
greater than that with other sub-Saharan Africans. The 
Sara are somewhat closer than Nilotics to Pygmies and 
the fact, probably accidental, that their genetic distance 
to the Biaka is slightly smaller than that of the near- 
est Bantu subgroup is responsible for the association 
between Sara and Biaka in a minor cluster of figure 
3.5.1. The distance between Biaka and Northwest Ban- 
tus (256) is slightly greater than that between Biaka and 
Sara (248), but the difference is negligible when com- 
pared with standard error. Under these conditions, aver- 
age linkage will, however, associate Biaka and Sara in 
the tree. Tree building may be very sensitive to small 
random oscillations of distances; PC maps are less sen- 
sitive, but they are even less efficient at faithfully por- 
traying the similarity between close neighbors. 

Because of the lack of fossils in the acid African 
soils—which dissolve the main bone component, cal- 
cium phosphate—it is impossible to specify exactly 
the geographic distribution of Pygmies at earlier times. 
There is practically no Pygmy fossil record from dry 
areas where bones would have been preserved, confirm- 
ing the belief that Pygmies represent a long-term adap- 
tation to the tropical forest. 


mies and Khoisan. This map is based on an average of 
45.5 genes (they vary from 23 to 105) and accounts for 
36.4 of the original genetic variation. Here Bantus are 
definitely more clustered than West Africans, with Nilo- 
Saharan still dispersed, but closer to Bantus. We see later 
that this greater Bantu homogeneity is confirmed by an 
analysis of distance matrices. 

We now consider in more detail each of these two 
groups, as well as their relations with other people from 
Central Africa, making direct recourse to the distance 
matrix, which is not affected by the possible distortions 
of trees and PC maps. Table 3.9.1 includes Fy distances 
between West African tribes and tribal groups, and ta- 
ble 3.9.2 Fsy distances between Bantu groups and their 
neighbors. 

Considering West Africans first, we have ordered 
populations approximately from west to east: the Bedik 
were placed last in spite of their western position 
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W-BEDIK 


Fulani 
is Hausa SA Ubangian 


W-EWE W-VOLTA 
NS-NILOTIC 


C-UBANGIAN BNT-N.E, NS-KUNAMA 
W-MANDE NS-BARIA 


W-GUR 
W-SERER NS-HAUSA 
W-WOLOF W-YORUBA 
NS-SARA 


W-PEUL 


2nd Principal Coordinate 


W-FULANI 


1st Principal Coordinate 


| | | . Fig. 3.9.2 Principal-component map of 26 Niger-Congo and 
Fig. 3.9.1 Geographic location of African tribes and Nilo-Saharan-speaking populations. BNT, Bantu and Bane; C, 
groups of tribes discussed in the text. Central; NS, Nilo-Saharan; W, West. 


Table 3.9.1. Matrix of Genetic Distances (x 10,000) for West Africans 


WOL PEU SER KRU MAN GUR VOL EWE YOR HAU IBO FUL BED 


Wolof 0 

Peul 79 0 

Serer 42 155 0 

Kru 124 209 151 0 

Mande 208 185 232 79 0 

Gur 394 491 364 98 165 0 

Volta 494 573 381 108 148 83 0 

Ewe 175 173 #115 119 75 ~=103 13 0 


Yoruba 398 335 151 81 171 186 30 175 0 

Hausa 147, 292 217 #119 265 127 117 237) 211 0 

Ibo 64 65 62 420 266 165 221 #164 50 164 0 

Fulani 371 265 443 151 232 364 156 367 83 135 66 0 

Bedik 360 294 337 197 320 290 117 358 211 283 164 367 0 


Table 3.9.2. Matrix of Genetic Distances (x 10,000) for Central and South Africa, Excluding 
Khoisanids and Pygmies 


NE CE SE NW CW SW NIL UBA SAR_ BAN 


Bantu 
Northeast 0 
Central East 228 0 
Southeast 237 §=6143 0 
Northwest 138 184 88 0 
Central West 167 189 107 173 0 
Southwest 193 263 167 138 52 0 


Nilotic 128 237 193 144 94 103 0 
Ubangian 152 326 130 126 132 115 127 0 
Sara 387 413 331 269 279 291 318 276 0 


Bane 153 301 118 53 115 91 222 123 269 0 
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because of their nature of outliers in the tree. All 
West Africans speak Niger-Congo languages, the ma- 
jor branch of the Niger-Kordofanian family, with the ex- 
ception of one group, the Hausa, who speak an Afro- 
Asiatic language belonging to the western subgroup 
of the Chadic branch (the only representative of this 
branch). When data were insufficient, we grouped tribes 
by linguistic criteria, and we specify the tribes that have 
contributed the most genetic information to these groups. 

The first three populations (Wolof, Peul, and Serer) 
are located in Senegal. Wolof (2 million) and Serer 
(650,000) are farmers and speak related languages. The 
Peul (900,000 in Senegal) speak a language of another 
Niger-Kordofanian branch, Fulani. Peul is the French 
word for Fulani, a large and heterogeneous group found 
in a narrow band located approximately in the Sahel, 
extending from the Atlantic coast to northern Nigeria 
and Chad. They are, according to Murdock (1959), e1- 
ther pastoralists, and Caucasoid-like (of Berber origin), 
or settled farmers of Negroid type. One group that was 
sampled, but is not considered here, the Tukolor, has 
elements of both Negroid Fulani and Berbers. Nomadic 
and settled groups have important social and ethnic dif- 
ferences, but the Fulani sampled here seem to belong to 
the second category, at least as far as we can tell from 
their known genes. The group later indicated by the name 
“Fulani” comes almost exclusively from northern Nige- 
ria and is genetically different from the Senegal Fulani, 
who are more similar to the other Senegalese popula- 
tions, the Wolof and the Serer. 

The next five groups are fairly similar to each other 
and rather different from the Senegal populations. They 
appear to form a single cluster in the tree of figure 3.5.1; 
their most informative components are listed below. 

The Kru, linguistically a branch of North-Central 
Niger-Congo, are represented primarily by eight groups: 
Bakwe (7000), Bassa (200,000), Bete (400,000), Gagu 
(40,000), Guere (200,000), Krahn (70,000), Kru proper 
(120,000), and Wobe (subgroup of Bete). 

The Mande are, linguistically, a divergent branch 
of Niger-Congo, with 29 languages (the other branch, 
called Niger-Congo proper includes all the other 1003 
languages). The Mande shown here include the Bambara 
(2 million), Bandi (40,000), Bozo (less than 90,000), 
Diula (250,000), Kpelle (500,000), Mandinka (1.4 mil- 
lion), and others. The Gur or Voltaic (linguistically 
a group of North-Central Niger-Congo) include Frafra 
(300), Kurumba (90), Lizzara, Mossi (2 million), and 
Tiefo (6—10,000). 

The Volta-Comoe or Akan (a branch of South-Central 
Niger-Congo) include the Agni (400,000), Akposso 
(50,000), Ashanti (1.4 million), Baule (1.2 million), and 
Nzema (300,000). 

The Ewe (another branch of South-Central Niger- 
Congo) include the Ewe (1.8 million) and the Fon (1 
million). 


The last four groups are all from Nigeria: Yoruba (15 
million), Hausa (6 million in Nigeria; 25 million total, 
including second-language speakers), [bo (12 million), 
and Fulani (6 million in Nigeria alone) and form the most 
important ethnic divisions of this very populous nation. 
The Yoruba and the Ibo belong linguistically to the east- 
ern group of South-Central Niger-Congo, whereas the 
Fulani and the Hausa have different linguistic origins, 
as mentioned above. Nigeria has a long history, with 
early agricultural developments that may have attracted 
immigrants and perhaps favored admixtures, as seems 
likely on inspection of the matrix. It is worth noting that 
the Ibo have a strong similarity with both the Yoruba 
and the Nigerian Fulani. But the Ibo and the Yoruba are 
similar to the three populations from Senegal that are 
somewhat similar to the Kru and the Volta. Such gene- 
tic relationships indicate that major migrations and ad- 
mixtures occurred within West Africa in earlier times. 
In addition, the Bane (a group shown in table 3.9.2) 
are highly similar to the Hausa, in part because of geo- 
graphic propinquity. We discuss the Bane with the Bantu, 
to whom they are linguistically related. 

The final population in table 3.9.1, the Bedik, is 
a very small group located in Senegal. They are out- 
liers in the tree with respect to all West African and 
Bantu populations. This may be due to drift, given their 
small population size (S000). They do show some sim- 
ilarity to populations of the Kru-Volta group, and a 
less marked similarity to Nigeria, indicating that they 
may have originally come from a more eastern location 
than the one they now occupy. Linguistically, however, 
they belong to the West Atlantic branch of Niger-Congo 
proper. 

In summary, West African populations can be de- 
scribed as showing three major clusters: Senegalese 
peoples; a central group formed by Mande, Kru, Gur, 
Volta, Ewe; and a group of four Nigerian populations. 
The last group shows great similarity to the Bane (see 
fig. 3.9.1), located at the boundary between Nigeria 
and Cameroon, and linguistically closely related to the 
Bantu. 

The remainder of sub-Saharan Africans (excluding the 
Khoisan discussed in earlier sections) speak languages 
of two different families, Niger-Kordofanian (mostly the 
Bantu branch) and Nilo-Saharan. We have no genetic 
data for Kordofanian speakers (the branch of the Niger- 
Kordofanian family spoken in Sudan). Only a few groups 
of Nilo-Saharan speakers have been investigated geneti- 
cally in a satisfactory way. The best known are the Sara 
(Mayjinga), numbering about 47,000 people in southern 
Chad (55 genes); the Nilotics, a linguistic group formed 
mostly by Shilluk (less than 200,000), Mabaan (25,000), 
Luo (2 million), Nuer (700,000), Dinka (250,000), 
Karamojo (250,000), Maasai (400,000), and Turkana 
(250,000). They are “elongated” pastoralists and live 
mostly in the southern Sudan, Uganda and Kenya (42 


genes). Two tribes from very different locations are less 
well studied (26-31 genes): the Funji or Gule in east- 
central Sudan and the Nara or Barya (spelled also Baryia 
or Baria) in northern Ethiopia (western Eritrea), south 
of the Kunama. The last two tribes are of medium size 
(25,000 and 40,000, respectively). 

Genetically, Nilo-Saharan speakers are very close 
to Bantu when considered at the world level (sec. 
2.3). In the tree in figure 3.5.1 they show no inter- 
nal similarity. Nilotics are, somewhat perplexingly, as- 
sociated with Central-Western and Southwestern Bantu: 
a possible explanation is considered in the discussion 
about Bantu. The Kunama associate with Southeast- 
ern Bantu, again a perplexing result. The Barya are 
found in the northern Ethiopian group, presumably be- 
cause of Caucasoid admixture. The Sara associate with 
the Biaka, an even more perplexing result. As we 
can see from table 3.9.2, they show a low, but con- 
stant similarity with all populations of Central and 
South Africa; the same is true with respect to West 
Africans (not shown in the table), but it 1s worth un- 
derlining that the population to which they show great- 
est resemblance are the Hausa (distance, 184). They 
do not associate with the Hausa in the tree because 
they had already formed a cluster with other Nige- 
rian populations, but they do associate with the Bi- 
aka in the tree because, like the Biaka, they do not 
pair with any other population or cluster until they pair 
together, the distance between them (249) being rel- 
atively low. We cannot form a final opinion on the 
Nilo-Saharans because the most characteristic popula- 
tions from the western and central Saharan groups are 
not represented at all. The similarity between Nilotics 
and Bantus, incidentally, disposes of the hope that 
the “elongated Africans” might correspond to a clearly 
separate genetic group. Nilotics contain most of the ex- 
amples of this group. Much better data would be needed 
to test the hypothesis more satisfactorily. 

Table 3.9.2 contains distances between the Bantu and 
their neighbors. The tree in figure 3.5.1 already showed 
that the Bantu are a relatively homogeneous group, about 
as homogeneous as West Africans, giving more weight to 
the hypothesis that the Bantu expanded relatively rapidly 
to central and southern Africa after the development of 
agriculture and iron tools. Four major populations infil- 
trated the Bantu cluster. 

1. Pygmoids. The Pygmoids must have very heav- 
ily hybridized with the Bantu and other neighbors. They 
associate specifically with Northeast and Central-Eastern 
Bantus in the tree. This area is one in which the con- 
centration of Pygmies is high and may well have been 
their area of origin. Pygmoids include Twa from Rwanda 
(20,000), Baka from south-central Cameroon (perhaps 
20,000) and Badjelli in southwestern Cameroon (2000), 
as well as Pygmies from north-central Zaire who may be 
very numerous. 
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2. Nilotics. Most Nilotics are located a short distance 
north and east of one of the putative secondary centers of 
Bantu diffusion, Urewe. If the Bantu migrated from their 
area of origin between Benue and Niger toward the east, 
in the direction of Urewe, they may have crossed regions 
inhabited mainly by Nilo- Saharan speakers, as was most 
probably the Urewe region itself. Hence, there must have 
been considerable opportunity for intercrossing between 
speakers of these two groups. The more northern Nilo- 
Saharan speakers, still inhabiting the south-central part 
of the Sahara, are genetically unknown. 

3. Ubangian. The Ubangian are part of the Adamawa- 
Ubangian branch of North-Central Niger-Congo. The 
group includes tribes like the Bangandu (2000; vari- 
able spelling), Ngbaka (750,000), Ngbundu (Mbugu), 
and Nzakara (3000). 

4. Bane. The Bane include the Bamileke (a large group 
of tribes living in Cameroon), Bamun (200,000), and 
Banjun (a subgroup of Bamileke). Linguistically they 
belong to the “broad Bantu” group, nearest to the Bantu 
in the Bantoid branch of the South-Central linguistic 
branch of Niger-Congo according to Ruhlen. We have 
also added to this group the Tiv, (about | million) liv- 
ing mostly in Nigeria; linguistically they belong to the 
non-Bantu subgroup of the Bantoid branch. 

The Bantu have been grouped according to the six 
classical geographic-linguistic areas (N.W., N.E., C.W., 
C.E., S.W., and S.E.). The tribes forming the six Bantu 
areas are listed in table 3.9.3. 

Only a few Bantu tribes are well-known genetically, 
and the pooling into the six zones has considerably in- 
creased the number of genes available (62-105 for the 
six Bantu groups; 43 for the Bane, 38 for the Uban- 
gian, and 55 for the Sara who are also given in table 
3.9.2). The tree in figure 3.5.1 remains valid even after 
eliminating the Nilo-Saharan intruders. It is not as clear 
as the linguistic tree, which is based on more detailed 
information, but it adds some interesting novelty to it. 
The six Bantu zones, the Nilotics, Ubangian, and Bane 
are all genetically related. There is greater similarity 
between some neighbors (e.g., between CW and SW, 
distance 52, the smallest in the table; between Bane and 
NW, distance 53, the next smallest; between Nilotics 
and NE, distance 128), but perhaps not as much as one 
might expect. The pattern of expansion reconstructed by 
archaeologists and linguists is largely confirmed. The ex- 
traordinary genetic closeness of NW and SE Bantu might 
seem perplexing, but the most recent archaeological (see 
Denbow 1984, 1989; Denbow and Wilmsen 1986) and 
linguistic research (Bastin et al. 1983) confirm that the 
western stream of Bantu migration gave an early and im- 
portant contribution to the formation of southern Bantu 
people, via the Central Western area. Another confirma- 
tion of the importance of the western route of the Bantu 
expansion is provided by the low genetic distances be- 
tween Bane and all the western Bantu groups (compared 
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Table 3.9.3. Bantu Tribes Included in the Six Geographic-Linguistic Zones 


Geographic- Corresponding 


Linguistic Guthrie’s Zones From 

zone cf. Figure 3.3.3 Bantu Tribes Africa Bantu 

Northwest A,B,C Bagandu, Balundu, Basakata, Batswa, Beti, 17 
Bushong, Busu, Combe, Duala, Eton, Ewondo, 
Lissongo, Maka, Mongo, Nkundo, Nkundo Maka, 
Ntomba, Pahouin, Pamue, So, Teke, Yengono, 
Wambissa 

Central West yk Ambundo, Ankonde, Bangala, Kabende, Kaonde, 4 Angola 
Njinga, Quimbundo, Sambo, Uba, Umbundo 17 

Southwest K,R Ambo, Bailundo, Cuangare, Diriku, Ganguela, 7 Lunda 
Gciriku, Herero, Huambo, Kavango, Kwangali, 10 Ovambo 
Lunda, Lunda Tchokwe, Mbkushu, Mbunda, 14 Southwest 
Mbunza Sambyu, Ovahimba, Ovambo, 
Ovimbundo, Quioco, Quipungo, Sambio 

Northeast D,£,F,J Akamba, Babira, Bahuta, Baeundian, Embu, 5 Hutu 
Fulero, Ganda, Gishu, Ha, Havu, Hima Ugandan, 6 Kenya 


Humu, Hunde, Hutu, |koma, Kamba, Kiga, Kikuyu, 9 Nyaturu 
Mabudu, Meru Gusii, Nkole, Nyamwezi, Nyanga, 15 Tutsi 


Nyaturu, Nyoro, Rega, Rwandan, Shi, Soga, 16 Uganda 
Swaga, Tembo, Toro, Tutsi, Wabira, Wanande, 18 Zaire 
Wanyali 17 


Central East G,M,N 


Ankonde, Bemba, Bisa, Bondei, Chikunda, Gogo, 19 Zambia 


lla, Kisii, Kissi, Lamba, Luano, Nnugue, Sambaa, V7 
Sena, Tonga, Tumbuka, Nyanja, Wuzikili, 
Zambian, Zaramo, Zigua 


Southeast eS Aiaua, Alolu, Bacca, Baka Hlubi, Barotse, Basuto, 8 Maconde 
Bitonga, Bujga, Bunji, Changana, Chawa, Chopi, 11 Shangana 
Fingo Pondo Xosa, Karanga, Kgaladadi, Koni, 13 South 
Korekore, Lozi, Maconde, Macua, Makocca, 14 Zimbabwe 


Mangwe, Manyika, Ndau, Ndebele, Ngoni, Nguru, 21 Zulu 
Pedi, Pondo, Ronga, Rotse, Shangaan, 17 
Shangana, Shona, Sotho, Swazi, Tswana, Venda, 


Xhosa, Zezuru, Zulu 


Note.— The last two columns correspond to the population groups listed in Appendix 3. 


with the respective eastern groups). Figure 3.9.3 is a 
proposed pattern of expansion based on the genetic data 
alone, in which the direction of arrows, which cannot 
be deduced from the genetic data, is suggested by the 
archaeological information. A more satisfactory picture 
may have to await more information, but the agreement 
between archaeology, linguistics, and genetics, though 
not perfect, seems nonetheless remarkable. 

We can confirm with a direct analysis of distances that 
the Bantu (including Bane) are somewhat more closely 
clustered than West Africans: the Fsy between Bantu 
subgroups, including Bane, calculated from the average 
of Fsrs between pairs of Bantu subgroups in table 3.9.2 
is 157 + 14, whereas between the West African groups 
of table 3.9.1 one finds 211 + 17. The difference is sig- 
nificant, showing that Bantus are more tightly clustered 
than West Africans, as might be expected, consider- 
ing that the Bantu expansion took place in the last 2500 


or at most 3000 years, while the differentiation among 
West Africans must have started earlier. The meaning of 
the comparison between the two Fsrs is complicated, 
however, by the fact that hybridizations with other ex- 
ternal populations (e.g., Pygmies, Nilo-Saharans, and 
Khoisanids) contributed to the heterogeneity between 
Bantu subgroups. As for the heterogeneity among West 
Africans, it must be much older, as the linguistic evi- 
dence clearly indicates. Many West African people have 
been in place for a long time. They have received immi- 
grants from the Sahara and had their own expansions un- 
der the impulse of the first agricultural development, but 
under the constraints of a fairly heterogeneous environ- 
ment. Nevertheless, the major cluster of West Africans 
seen in the tree may be the outcome of a single, major 
agricultural expansion, probably earlier than the Bantu 
radiation. The Bantu expansion may to some extent have 
been a late continuation of it, directed toward the east 


N.E. Bantu 


C.W. Bantu 


S.W. Bantu 


Fig. 3.9.3 Pattern of Bantu expansion, as suggested by the 
genetic data, with direction of arrows based on archaelogical 
information. 


and the south because these areas were not yet occupied 
by farmers at the time. The Bantu expansion took place 
almost in a vacuum, because only hunter-gatherers oc- 
cupied Central and South Africa at the time, and is thus 
comparable to the Neolithic expansion 1n Europe. At the 


3.10. STUDIES OF SINGLE GENES 


An apparent anomaly of the African maps is that 
Madagascar is shown only in some maps, that is, for 
the few genes for which data were available. The loca- 
tion of data collections was not indicated since the map 
reports the average gene frequency for the whole island. 

ABO, the most thoroughly studied gene, shows a rel- 
ative wealth of B (Africa being second only to Asia), 
mostly at the expense of A. O is about the same in 
Africa and Europe, on the average. A is higher in North 
Africa than in the center because of ancient Caucasoid 
flow from the Near East and perhaps Europe, caused 
by A/ rather than A2. There is a slightly greater con- 
centration of A in the south than at the center, but the 
data for the A antigen and for A/ + A2 are inconsis- 
tent; one does not find, in the latter, an explanation 
for the relative maximum of A on the southwestern 
coast, between Angola and Namibia, but we did not 
find AJ + A2 data in that region. A2 has its relative 
maxima in East Africa and a low frequency in the west. 
B has its maxima at the extreme northeast and the ex- 
treme south, areas in which A also tends to be high and 
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time of European colonization, the Bantu expansion was 
not yet complete; while West Africa was already heav- 
ily settled by farmers, whose further movements were 
frozen by the colonial powers, South Africa was occu- 
pied mostly by Khoi and San. 

The hypothesis of a single expansion of West Africans 
mentioned above might be contrasted with the alterna- 
tive one that three major clusters, one in Senegal, one 
in Nigeria, and one including the Mande, Gur, Ewe, 
Volta, and Kru (fig. 3.5.1) correspond to three indepen- 
dent agricultural expansions that started at similar times 
and proceeded with little reciprocal interaction. A finer 
analysis of genetic-linguistic-archaeological data might 
allow one to choose between these hypotheses, or make 
others. Only the most eastern group, in Nigeria, had the 
chance to develop beyond the boundaries of West Africa, 
settling in Central and South Africa. In the course of this 
final expansion, there was also some blending with pop- 
ulations and cultures of the eastern Sudan. 

A final consideration concerns the use of the word 
Bantu. Clearly, Bantu is originally a linguistic term, and 
frequently concern has been expressed when it was used 
to define populations studied from a biological point of 
view. But, as already emphasized by Hiernaux (1975), 
the geographic expansion of people speaking Bantu lan- 
guages has generated a group of populations that are 
genetically similar enough that the word “Bantu” also 
covers the biological reality, a conclusion we are able to 
confirm. 


O has its minima. We cannot offer any explanation for 
this behavior. The variograms show a fairly regular linear 
increase for 1500 miles or more. A shows conspicuous 
irregularities at more than 3000 miles, because of the low 
frequencies at the extreme northeast and variation in the 
south, and B shows a relative minimum at more than 
2000 miles. The variograms of A/ and A2 are flatter. 
Acid phosphatase (ACP/) has an interesting maxi- 
mum of allele B in a region approximately between 
Mali, Niger, and the Upper Volta. This peak, which is 
confirmed by other markers, could have been an area 
of early agricultural development. The West African 
populations, with the exception of the Senegalese and 
others, have a central position on the PC map of 
African populations (fig. 3.9.2: Mande, Gur, Ewe) 
and may have been near the origin of a first agricul- 
tural expansion. That origin probably antedated the 
Bantu expansion, given that it is today in fairly arid 
land, and was perhaps an important center among those 
that made all of West Africa very populous. Another 
gene peaking in this region is Hemoglobin C (sec. 2.14), 


186 CHAPTER 3 


which may have or have had a function of resistance 
to a malarial parasite. We see that several other alleles 
peak in this area, however, and have never been associ- 
ated with malarial resistance. ACP *B is known to vary 
with climate in a way probably unrelated to malaria, 
and the hypothesis explaining this peak on the basis of 
an agricultural expansion of a local isolate may be more 
likely. 

Adenylate kinase (AK/ */) appears in two anomalous 
regions, probably not related historically to one another: 
the western Sahara (possibly because of the West African 
expansion hypothesized above) and the Khoisan area. 
Wealth of minority alleles in the Khoisan may be ances- 
tral, whereas that in the western Sahara may be due to 
more recent local accidents. 

The M allele of a-1 antitrypsin (P/), has a modest 
north-south gradient and a rather flat variogram. 

Cholinesterase 1 (CHE/ *U) shows a very simple gra- 
dient northwest to southeast, but the poverty of data and 
the high gene frequency make the map less likely to 
reveal any complicated behavior of the gene-frequency 
surface. The variogram 1s approximately linear with a 
reasonably high slope. 

Esterase D (ESD*/) shows a gradient at almost 90° 
to that of CHE] *U. The minimum is in the Suez region 
and the maximum in southern Africa. Only historical 
explanations seem possible for this cline, which has a 
fairly high slope as shown by the variogram and an even 
higher slope at long distances. 

The Duffy blood-group system (FY) has a _ pe- 
culiar geographic distribution and an_ interesting 
selective explanation. It has been shown by in vitro 
experiments (Miller et al. 1976) that FY*O red cells 
cannot be invaded by a particular malarial parasite, 
Plasmodium vivax. This may explain why Plasmodium 
vivax iS absent over an area across West and tropical 
Africa. It is well known that malarial vectors grow 
especially well in an agricultural environment. They 
are not necessarily confined to them; for instance, 
Mbuti Pygmies, who are hunter-gatherers in a tropi- 
cal forest and have been least exposed to agricultural 
development, have one of the highest frequencies of 
hemoglobin S and also have a 100% frequency of al- 
lele FY*O. Outside Africa, FY*O is rare or absent. 
Proof of its complete absence is difficult, because the 
gene is recessive. Therefore, even if no Duffy-negative 
individuals are observed, one cannot exclude a low 
frequency of a FY*O allele, or of any other reces- 
sive FY allele different from those that can be demon- 
strated antigenically, A and B. However, the FY*O 
allele as defined now is rarely found outside Africa. 

As far as we can tell at present, the dark band of 
high FY*O gene frequency may represent the region 
where the P. vivax parasite is absent. In fact, if sus- 
ceptible human individuals become rare under natural 


selection for resistance to it, and the parasite has no other 
intermediate host in which to undergo its sexual cycle, 
the parasite will disappear. It was therefore not surprising 
that among Pygmies, who are 100% FY-negative, P. vi- 
vax infections have never been found (Pampiglione and 
Ricciardi 1986). Probably as a consequence of the high 
concentration of FY*O in central Africa, variograms 
are rather flat with irregularities. The other two alleles, 
FY*A and FY*B, show a somewhat parallel behavior, 
probably because they have both been progressively re- 
placed by FY*O under selective pressure. It is likely that 
FY*O originated in Africa and perhaps spread rapidly in 
areas rich in malarial parasites, to which the new mutants 
showed a degree of resistance. An opposite hypothesis 
has, however, been suggested (see sec. 2.14). 

Glucose-6-phosphate dehydrogenase (G6PD), a sex- 
linked gene, is, like hemoglobins, under natural se- 
lection since G6PD deficiency involves resistance to 
malaria. Hundreds of different deficient mutants have 
been identified and the overall pattern of geographic 
distribution is probably unaffected by mutational his- 
tory, but rather represents the partial geographic distribu- 
tion of the malarial parasite(s) to which it confers resis- 
tance. A and B are electrophoretic variants polymorphic 
in Africa. A+ has practically normal enzyme activity; 
A-— has activity reduced to about 15% in males. The 
geographic distribution of A+ shows a major peak in 
the northeastern part of the Gulf of Guinea, with a var- 
iogram that increases regularly up to 2000 miles. A— 
shows two peaks, the major one in West Africa where 
the first agricultural development arose and where Plas- 
modium falciparum malaria transmission is very high, 
constant throughout the year and not seasonal. The 
variogram is linear, with a high slope, for more than 
2000 miles. 

G6PD def is the sum of existing mutants; it seems 
to show various peaks. The selection coefficients in- 
volved (Cavalli-Sforza and Bodmer 1971a) may deter- 
mine whether it increases to high levels of gene fre- 
quency in a few thousand years. The gene is recessive 
and, because it 1s sex-linked, is exposed to more power- 
ful adverse selection in males. Heterozygous females are 
believed to be at an advantage over both homozygotes, 
normal and deficient. Heterozygous females have about 
50% of red cells with, and 50% without the enzyme (or 
lower levels of it). The parasite can also prosper in red 
cells that are devoid of the G6PD enzyme, but it must 
adapt to this host cell environment before it develops at 
a normal rate (Luzzatto et al. 1985). In section 2.14, we 
have discussed present knowledge. 

Glutamate-pyruvate transaminase (GPT) allele 1 has 
limited genetic information, generating a simple map 
with a south-center to north-east slow cline. The var- 
iogram is linear for almost 2000 miles. 

Glyoxalase | (GLO/) is poorly studied. The north- 


south gradient of allele | could be of historical origin, 
with a pattern determined by Caucasoid genes from 
northwestern Africa. The variogram is linear for almost 
3000 miles. 

Group-specific component (GC) is a protein that binds 
vitamin D. As already explained (sec. 2.14), it has been 
suggested that its frequency varies with latitude as a 
function of the intensity of solar radiation and the need 
for producing endogenous vitamin D. The African pat- 
tern does not show a clear agreement with this hypothe- 
sis, but perhaps the variation of solar intensity in Africa 
is insufficient to cause a clear-cut selective difference. 
The lowest frequencies of GC*/ are observed in the 
savannas of East Africa where solar radiation is not 
low. This gene has many alleles, but only a few have 
adequate geographic information. A variant of GC*/, 
GC*/]F, has a modest amount of data, but shows in- 
creased incidences in African Pygmies; another allele 
(GC*/S) has a higher frequency among Bushmen (Wang 
and Cavalli-Sforza 1986). Its map is not shown because 
of the poverty of the data. 

Haptoglobin (HP) is a protein that binds hemoglobin 
and may be under selective control, especially where 
diseases causing profound hemolysis, like malaria, are 
present. It is difficult, however, to understand the pres- 
ence of both high and low peaks of HP*/ in highly 
malarial regions, for example, West and Central Africa. 
A technical problem is worth remembering. In areas and 
periods of the year in which malarial infection is es- 
pecially heavy, there is no or very little haptoglobin in 
the blood in a large fraction of individuals, because HP 
protein bound to hemoglobin is eliminated from circula- 
tion. It cannot be excluded that the phenomenon is more 
frequent in some genotypes, altering the evaluation of 
gene frequencies (see a discussion in Bernini et al. 1966; 
Cavalli-Sforza 1986) and simulating the genetic absence 
of HP caused by a rare HP *0 allele. The variogram of 
HP*! is almost linear for about 3000 miles. 

The HLA data come from relatively few areas, but 
their geographic distribution is more satisfactory than 
for any other gene, since their collection was organized 
by HLA workshops and maps are worth considering even 
if the data are few. 

HLAA*!/ is rare in Africa, except in the Caucasoid re- 
gions; it is especially frequent in Europe. A*2 follows 
a similar pattern. A*3 has a distribution indicating a 
greater frequency in West Asian Caucasoids; A*9 has 
a distribution somewhat opposite to that of A*3. A*// 
shows again a northern Caucasoid type of distribution. 
A*19 shows higher values in the south than in the Cau- 
casoid areas. A*28 has a peak in the area of Upper Volta, 
and a presumably unrelated one near the Red Sea. A*29 
has a peak in the Northwest Bantu area. 

HLAB*5 is infrequent in the south; B*7 has a peak 
in the Upper Volta region. B*8, a typical Caucasoid 
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marker, has a fairly uninformative distribution. B*/2 
shows a different behavior in northern and eastern Cau- 
casoids and a minor peak in the eastern tropical for- 
est region. B*/3 is highest in the eastern Caucasoid 
region and in the south; B«/4 has a weak east-west grad- 
ient, and B*/5 a weak north-south gradient, plus a certain 
amount of variation especially in the south. B*/7 is very 
variable. Sub-Saharan Africa shows higher frequencies. 
Interestingly, the San are highest, whereas the Khoi form 
a local trough. B«/8 has a minor peak in the eastern Cau- 
casoid area, where B*2/ has a more pronounced peak. 
B*22 and B*27 have a modest north-south difference. 
B*35 is highest in West Africa, and B*40 is higher (> 
0.06) along the western stream of the Bantu expansion. 

Most of the variation of HLA in Africa seems to mark 
the difference between Caucasoid and Black African 
areas, but many alleles show conspicuous differences 
between northwestern and eastern Caucasoid areas, in- 
dicating at least two doors of entry of Caucasoids into 
Africa; in the latter area, however, only one population 
was tested. Peaks or troughs occur near the Mediter- 
ranean coast opposite Gibraltar and in Libya. Most var- 
iograms have regular initial increases and remain linear 
for 1500-3000 miles, but at least six have a very flat or 
negative initial slope. It would be desirable to redo these 
maps with more data. 

The Caucasoid alleles za; g and zax;g of IGHGIG3 
of course show higher frequencies in the Caucasoid ar- 
eas of Africa. An even more typical Caucasoid allele 
is f;b0b1b3b4b5 .. The first peaks on the northwestern 
Atlantic coast and the other two on the central and east- 
ern coast of the Mediterranean. In all sub-Saharan pop- 
ulations, which carry instead the Z and the A antigens, 
f; b0b1b3b4b5 1s rare or absent. 

The za;b0b1b3b4b5 allele shows two peaks, most 
probably unrelated historically and perhaps also im- 
munologically, on Madagascar and in the Ituri forest 
where Mbuti Pygmies are located. 

Just as za; bObIc3b4b5 shows a peculiar peak in north- 
ern Ethiopia, za; bOsb3b5 shows another such peak in the 
Khoisan area; za; bObIc3c5 is more evenly distributed. 

All variograms of GM alleles have initial positive 
slopes and are linear between 500 and 1500 miles. 

Another immunoglobulin gene located on chromo- 
some 2, KM, controls the constant portion of the « light 
chain. The allele (J & /,2) is rare, as expected, in the 
northern Caucasoid region, particularly in the western 
zone. The variogram is linear for 1500 miles. 

The Kell blood-group system (KEL) includes the K 
allele, which has most of its higher values in the Cauca- 
soid areas, and Jsa, which has a peak in central Africa 
with a regular centripetal gradient. This may indicate the 
origin of the allele. Kidd (JK) is another blood-group 
system. Allele JK *A has a behavior difficult to charac- 
terize. Variograms are regular. 
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The Lewis blood group (LE) has the highest values of 
the allele Le on the Mediterranean shores and shows a 
regular north-south gradient. The allele A of Lutheran, 
another blood group, shows a difference between the 
northern and eastern Caucasoid zones. Variograms show 
regular increase, especially for Lewis. 

MNS is a blood-group system with several alleles, 
of unknown function. The M allele has a peak in the 
Khoisan region and, subordinately, near the Red Sea; the 
Niger-Mali region shows a minimum. Another allele, S, 
at a close but different locus within the MNS system, is 
lowest in West Africa and highest near the Mediterranean 
coast. The two loci form four alleles in strong linkage dis- 
equilibrium: MS, Ms, NS, Ns. The first is highest in the 
eastern Caucasoid region and lowest in West Africa; Ms 
has an almost regular north-south gradient with a peak in 
the Khoisan region. NS has a strong peak opposite Gibral- 
tar, but its gene frequency does not continue as high on 
the European side. Ns has a high peak on the Nigerian 
coast and a secondary one near Gibraltar. Because NS and 
Ns should drift independently, this is a weak indication of 
selection favoring the N gene. Another antigen that is es- 
pecially common in Africa and rare or absent elsewhere, 
S“ is highest in Mbuti Pygmies, but also frequent among 
non-Pygmies extending toward the northwest and else- 
where. The S$“ mutation probably originated in Africa. 
Variograms show regular increases except for S$“ and Ns. 

Another blood group, P/ , shows the highest frequen- 
cies of allele 1 in sub-Saharan Africa and in the Khoisan 
region, with a peak on its border. The variogram 1s fairly 
regular. 

Peptidase A (PEPA) allele / has an east-to-west gradi- 
ent, with a low value approximately centered in Nigeria. 
Phenylthiocarbamide (PTC) tasting shows a north-south 
gradient of allele 7 (taster) with an east-west difference. 
One of the phosphoglucomutase genes, PGM/*1, has a 
north-south difference with various peaks and troughs. 
The most pronounced trough corresponds to the Mali- 
Niger region. PGM2*/ has a distribution suggestive of 
spread with the western stream of the Bantu expansion. 
PGD, or 6-phosphogluconate dehydrogenase shows a 
high frequency of allele A except in the north and east, 
with four pockets of frequency close to 100%. In the 
Niger-Mali region, however, the frequency is especially 
low. All these enzymes show regular variograms, with 
initial portions that increase linearly for 800—2000 miles; 
PEPA*1, however, 1s irregular. 

Rhesus RH is the most polymorphic blood-group sys- 
tem. It can be examined in terms of each of three genes, 
C, D, and E and also in terms of some variants, as 
well as of major haplotypes. The C gene shows a clear 
north-south gradient, being frequent among Caucasoids 
and almost absent in sub-Saharan Africa; there are peaks 
in Egypt and the northwestern Sahara. D has a more 
irregular pattern, as shown by several peaks and troughs, 
but also has a north-west gradient and is very frequent 


in sub-Saharan Africa. The north-south gradient is most 
probably determined by the influx of d (the RH-negative 
allele) from Europe. The third gene, E,, shows a peak in 
Libya and various troughs. Another marker of the RH sys- 
tem, V, shows a surface with a minimum in the Khoisan 
region and a maximum in Ethiopia. The D” allele of D 
has an irregular surface with a considerable number of 
peaks and troughs. It is not an easy marker to test, and 
some of the irregularities may conceal variation in the 
testing techniques. It is most probably of African origin. 
Although the variograms of the other genes are regular, 
D" has a strong negative gradient for 3000 miles, prob- 
ably because of conspicuous irregularities of its surface. 

Among the common RH haplotypes, CDe (also called 
R/) has a clear north-south gradient with peaks and 
troughs, somewhat opposite to that of D. Another major 
haplotype cDE (also called R2) has a maximum in the 
northeast and several minima. The standard RH-negative 
haplotype, which is of European origin, cde (also called 
r), has a maximum in the north; the peak in Libya may 
be due to drift or to contact via Sicily. The surface is 
especially complicated in the south. The most important 
haplotype in Africa, cDe (also called Ro), most probably 
originated in the south and decreases regularly toward the 
north. The high frequency of the cDe haplotype in Africa 
is in good agreement with the hypothesis of African ori- 
gins of modern humans: cDe is also the original haplo- 
type in the evolutionary genesis of RH haplotypes ac- 
cording to Fisher’s hypothesis (see sec. 2.14) (Feldman et 
al. 1969). The variograms of all the RH haplotypes show 
regular initial increases for the first 1000-2000 miles. 

Secretor (SE), a gene controlling the secretion of ABO 
substances in various fluids, has a largely flat surface 
except in the south. The initial slope of the variogram is 
negative for the first 1000 miles. 

Transferrin (7F) has high frequencies in the Caucasoid 
areas, which have almost exclusively the common allele 
C; West Africa and the western-stream Bantu have the 
highest frequencies of the (almost) complementary D al- 
lele, which probably has a local origin. The variogram has 
a regular positive initial increase for almost 2000 miles. 

A summary of these descriptions gene by gene is, 
of course, available in the principal-component maps, 
which are given in the next section. At the single-gene 
level, one finds a variety of patterns, of which six are 
the most important. 

1. The maxima or minima are in the general Cauca- 
soid area, including the north and the east (above the 
equator). 

2. Variants of this pattern show maxima or minima 
(a) in the western Caucasoid area, perhaps referring to 
an ancient entry of populations from western Europe via 
Gibraltar (after 30 kya); (b) in the northeastern area, 
where exchange probably occurred at many different 
times (including very early ones), an important late one 
occurring with the agricultural Neolithic expansion from 


the Near East, and the latest one with the Arab invasion; 
(c) in the eastern area, from Arabia across the Red Sea 
or via the Indian Ocean. This third contact may have 
happened repeatedly at many different times. A further 
possible area of contact is via Sicily. 

3. The south is mainly occupied by aborigines of 
Khoisan origin who usually show some genetic differ- 
ence from neighbors. 

4. Agricultural expansions from West Africa are per- 
haps reflected in various pockets of high or low gene 
frequencies in various parts of West Africa, with Sene- 
gal and Niger-Mali being the most important ones. Ex- 
pansion from Niger-Mali is often visibly connected with 
the western Bantu expansion more than with the eastern 
one. The western expansion (from Senegal) was proba- 
bly earlier, and the more eastern one (Niger-Mali) did not 
go as far south but included rather strong participation 
by people from central and western Sudan. 


3.11. SYNTHETIC MAPS OF AFRICA 


The synthetic maps have been obtained by calculating 
PCs from 79 genes for which data seemed sufficient to al- 
low the construction of single-gene maps. The 79 genes 
considered for this analysis are the 83 for which genetic 
maps of Africa (see Table of Genetic Maps) are shown in 
the second part of the book except for the 4 alleles G6PD 
«def, GGPD*A_, G6PD*A*, G6PD*B* . The fractions 
of variance explained by the first seven components are 
shown in table 3.11.1, which altogether explain 82% 
of the total variation. The genes that account for most 
of the variation are listed in table 3.11.2, indicating the 
highest correlations between the genes and the individual 
components. 

The first synthetic map, accounting for more than one- 
third of the total variation, strongly confirms the impor- 
tance of the north-south difference, which shows clearly 
in the first principal component. The gradient is clearly 
rooted in the relatively ancient presence of Caucasoids 
in a northern strip along the Mediterranean and in addi- 
tions from West Asia, which are visible in the second and 
third components. The present population of the Sahara 
is Caucasoid in the extreme north, with a fairly gradual 


Table 3.11.1. Percentage of Total Variance Explained by the First 
Seven Principal Components of African Gene Frequencies 


Principal % of Total Principal % of Total 
Component Variance Component Variance 
1 34.6 5 4.4 
2 18.6 6 3.6 
3 10.3 7 3.2 
4 7.0 
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5. Pygmies are responsible for some peaks and troughs 
of gene frequencies in the eastern or western tropical 
forest. 

6. It is difficult to separate climatic effects from his- 
torical effects since the areas that have more characteris- 
tic climates have also been populated by people of non- 
African origin like Caucasoids, or people of uncertain 
origin like the Khoisanids, who had a mostly unknown 
but probably complex history before settling in the areas 
that they now occupy exclusively. In general, however, 
a large fraction of the genetic differences observed in 
Africa probably are historical in origin. Special climatic 
zones like the Mediterranean are limited to a narrow strip 
along the coast, and Caucasoid genes seem to occupy a 
much wider territory. Khoisanids are likely to have lived 
in less arid areas than those they now occupy, since they 
were most probably pushed back into marginal environ- 
ments by invaders. 


increase of Negroid component as one goes south. Trav- 
eling through the Sahara on the Algiers-Lagos axis (in 
southern Nigeria) by the classical route that goes through 
Tamanrasset in southern Algeria, one can observe the ge- 
netic gradient with the naked eye as a skin-color gradi- 
ent, obviously with an intensity that is the inverse of that 
shown in the map (fig. 3.11.1). In the Sahara, however, 
the population is very sparse and concentrated in a few 
oases that are hundreds of miles from each other, mak- 
ing the gradient seem more abrupt. Moreover, the popu- 
lation is segmented in different tribes and ethnic groups 
that show skin-color differences and, presumably, par- 
allel variations in genetic Caucasoid-Black admixture. 
The situation may be more complex on the central route 
across the Sahara, going from Libya through Tibesti and 
Chad to the Central African Republic, which has been 
closed to traffic for political and military reasons for 
more than 30 years. Here, in the south-central Sahara 
are many interesting populations, but this area has been 
closed to foreigners for a long time, and the genetic in- 
formation is close to zero. 

It is of interest to compare the next two PCs, the sec- 
ond (fig. 3.11.2) and the third (fig. 3.11.3). Both show 
a maximum in the northern part of Ethiopia, but the re- 
lations between the center and the rest of Africa are very 
different. Although the third PC shows no other similar- 
ities between the Ethiopian pole and other African areas, 
the second PC shows that the northern Ethiopian peak 
has a strong similarity with the Khoisan area and has the 
most marked contrast with West Africa. Thus, the sec- 
ond synthetic map reinforces the hypothesis that there 
was originally a population ancestral to the Khoisans, 
located in an area not far from Ethiopia (see sec. 3.7). 
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Table 3.11.2. Genes Showing the Highest Correlations with the 
First Six Principal Components of African Gene Frequencies 


P.C." 


Range of 
Correlation 
Coefficient 


> 0.90 


0.90 — 0.80 


0.80 — 0.70 


> 0.90 


0.90 — 0.80 


0.80 — 0.70 


0.70 — 0.60 


1.00 — 0.80 
0.80 — 0.70 
0.70 — 0.60 


0.60 — 0.50 


> 0.60 


0.60 — 0.50 


0.050 — 0.40 


0.70 — 0.60 


0.60 — 0.50 


0.50 — 0.40 


0.60 — 0.50 


0.50 — 0.40 


0.40 — 0.30 


Genes 


(+) HLAA*1, IGHG1G3*f;b0b1b3b4b5, 
RH*CDe, RH*C, LE*le 

(-) RH*cDe 

(+) FY*B, HLAB*27, IGHG1G3*za;g, 
PGM2+ 1, GLO1 #1, HLAA*2 

(-) KM*(1&1,2), MNS*Ms, GC*1F, FY*O 

(+) IGHG1G3*zax;g, RH*cde, Pl+M 

(-) GPT*1, HLAA* 10, 
IGHG 1G3*zZa;b0b1b3b4b5, JK*A, RH*D, 
PTC+T 


(+) G6PD*B+ 

oe 

(+) HLAB*13 

(-) G6PD*A-, G6PD*A+, 
IGHG1G3*za;b0b1b3b4b5 

(+) PEPA*1, MNS*MS, MNS*M, 
IGHG1G3*za;b0b1c3b4b5, HLAB* 18 

(-) HP*1 

(+) HLAB*14, HLAB*15 

(-) G6PD*def, HLAB*35 


(+) RH*V 

(-) HLAA*9 

(+) HLAA*3 

(-) — 

(+) HLAA*28, HLAB*21 

(-) — 

(+) ACP1*B, AK1*1, LU+A 

(-) ESD*1, IGHG1G3*za;b0stb3b5 


(+) HLAB*12 

T= 

(+) HLAA*29 

(-) HLAA*28 

(+) ABO*A1, AK1*1, HLAB*40, KEL*Jsa 
(-) GC*1, HLAB* 18, HLAB +7 


(+) HLAB*40, HLAB *7 
-) = 

(+) FUT2(SE)*Se 

(-) AK1*1, HLAB* 14 
(+) JK*A 

-) = 

(+) — 

(-—) AK1*1 

(+) RH*cDE, MNS*MS 
(-) HLAB*35, G6PD*A- 
(+) HLAB*17, HLAB*7 
(-) HLAB*5 


Note.— Genes giving positive or negative correlation values are indicated by 
(+) or (—), respectively. 
* P.C., Principal component. 
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Fig. 3.11.1 Synthetic map of Africa obtained with the 
first PC. 
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Fig. 3.11.3 Synthetic map of Africa obtained with the 
second PC. 


Ps fee 
eae 
Rs ee 
! aN en —— 
i ar 

| pe ae 
: —.. 
\ 


AFRICA 191 


S———_ II 
ami 
20 


SSS 
-——_____—_—__ 4 
See 
SS 
a eaamnaael 
[SEE 
(Se 
7S 
a ee earl 
eee 
ee 
i 
oe 
= 
a 
0 jé-_______f 


Fig. 3.11.2 Synthetic map of Africa obtained with the 
third PC. 


Because the region between Ethiopia and South Africa 
was heavily settled in the last two millennia by the Bantu 
coming from the west, there is no visible genetic con- 
nection between the two peaks. 

In the second synthetic map (fig. 3.11.2), the pole op- 
posite East Africa lies in West Africa, the region proba- 
bly ancestral to all the agricultural expansions to Central 
and South Africa that took place since the beginnings 
of the development of agriculture 4000 or 5000 years 
ago, including the last and best-known one, that of the 
Bantus, which started around 3000 years ago or some- 
what earlier and seems, in this map, a continuation of 
the population expansion begun earlier, west of Nigeria. 
The Bantu expansion itself is more visible in the fourth 
synthetic map given later. 

The third synthetic map (fig. 3.11.3) shows maxi- 
mum divergence between the Ethiopian peak and the 
Khoisanid area, in which one observes the lowest values 
of the third PC. This PC emphasizes the differences be- 
tween Ethiopians and Khoisans, whereas the second PC 
shows their similarity. The two PCs elaborate further the 
observation made in the tree (sec. 2.3), that Ethiopians 
and Khoisans differ from the other “core” Africans in a 
similar direction: they are both similar to Caucasoids but 
are otherwise very different. 

In the fourth map (fig. 3.11.4), we note two opposite 
poles, one approximately in southern Cameroon and 
one in the Mali—Niger (and Burkina-Faso) region. The 
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Fig. 3.11.4 Synthetic map of Africa obtained with the 
fourth PC. 


first may be considered a major expression of the Bantu 
expansion, and the second of an earlier agricultural ex- 
pansion in West Africa. Recent archaeological discov- 
eries have given considerable importance to Cameroon 
and Gabon as nuclear areas of the western Bantu stream 
(Vansina 1984). Although the archaeological area that 
has been investigated is somewhat to the west of the 
darkest area in the synthetic map, the density of genetic 
data and that of archeological data may be insufficient 
to pinpoint exactly the areas of origin. As for the area of 
expansion at the boundary of Niger and Mali, it tends to 
coincide with maxima or minima of several genes (sec. 
3.10) and of hemoglobins C and D (sec. 2.14). This area 
is repeated in more or less greater detail in other compo- 
nents (fifth and sixth, not given here), and a comparison 
with archeological data would be worthwhile. 

The color picture conveys 63.5% of the original vari- 
ation and shows clearly that there are three major eth- 
nic zones in Africa. From north to south one notices 
the green band that represents the Caucasoid northern 
African; red in the west, center, and part of the south 


_corresponds to the characteristic Black African type; and 


blue in the south, the Khoisan ethnic type (Bushmen and 
Hottentots), whose skin is not so dark and who has some 
features in common with Asians, as already discussed, 
and may have been present in East Africa at an earlier 
time. The relative importance of the divergence of the 
Khoisanids from other Africans may be exaggerated by 
the intense blue color. It is also interesting that there is 
evidence of important Khoisan gene flow into the Bantu 
tribes in the area. 

There also appear four other minor centers of eth- 
nic differentiation. An approximately circular area in the 
western Sahel includes the eastern half of Burkina Faso 
(formerly Upper Volta), much of the southeast of Mali, 
the western part of Niger, the northwestern corner of 
Nigeria, and a northern slice of Ghana, Togo, and Benin. 
We have mentioned that this might be the result of an 
early agricultural expansion following the retreat from 
the Sahara. In addition to the markers used for build- 
ing these synthetic maps, there is another interesting 
anomaly in this region: a high frequency of hemoglobins 
C and D. They may or may not have played a role in re- 
sistance to malaria, perhaps at an earlier time. This eth- 
nic Zone seems to continue to the southeast into a some- 
what differently colored area centered in the Cameroons, 
which may represent the nuclear area of the beginning 
of the Bantu expansion to the south and the east. It is 
not a coincidence that this area is in part connected with 
the Burkina Faso-Mali area described above. 

An altogether different brown color is observed in the 
area immediately to the west of the great lakes, Victoria 
and Tanganyika, in particular. This region—politically 
corresponding to Rwanda, Burundi, Uganda, and west- 
ern Tanzania—has been and Is still to a large extent occu- 
pied by Pygmies, and the difference in color from other 
neighboring zones is probably due to their presence. 

A fourth ethnic area that differs from neighboring ones 
is near the southern coast of the Red Sea. The nuclear 
area includes the north of Ethiopia, Eritrea, and extends to 
most of Ethiopia and Sudan. It probably expresses the ge- 
netic peculiarities of Nubians, Beja, and northern Ethiopi- 
ans. The possible importance of both the agricultural ex- 
pansion that took place in Ethiopia and the genetic contri- 
butions from southern Arabia are worth keeping in mind. 

This information is really not different from that al- 
ready discussed on the basis of the monochromatic, 
single-component maps, but is presented in a more com- 
pact way. 


3.12. SUMMARY OF THE GENETIC HISTORY OF AFRICA 


If modern humans originated in Africa, Africans must 
have migrated to Asia at an early time, through Suez, but 
possibly also further south, from Ethiopia. There clearly 


were important human developments in West Asia, after 
which the expansion eastward and northward may have 
occurred between 60 and 40 kya; at that early time there 


may have already been retrograde flows toward Africa. 
Perhaps the most exciting finding is the intermediacy of 
the Khoisan, which could be described as part African 
and part West Asian. A possible and simple explanation 
is that earlier Khoisans inhabited another region, closer 
to Asia, perhaps East Africa or Arabia or the Middle 
East, where hybridization occurred. This hypothesis is 
very speculative at this stage and, as stated earlier, we 
give little credence to the hybridization date of about 20 
kya derived from the data, except that it shows that what- 
ever relationship exists must be rather old. It is neverthe- 
less very interesting to compare this hypothesis with the 
superficially opposite explanation derived from mtDNA 
data (Vigilant et al. 1989; see sec. 2.4 and 3.7), that the 
Khoisans are the closest descendants of the original hu- 
man types. One realizes that gene-frequency information 
is unlikely to distinguish between the two hypotheses, 
whereas mtDNA can; but present mtDNA information 
is too limited, and analysis of the existing data is not 
sufficiently complete for full acceptance. Confirmation 
of these observations with data from another region of 
mtDNA would also be very important. When they can 
be carried out, archaeological studies of Arabia and fur- 
ther archaeological and genetic studies of Ethiopia may 
add considerable information. 

Signs of a possible early Khoisan presence in Ethiopia 
and East Africa come from archaeological finds (disputed 
by some), linguistic cues (also hotly disputed by others), 
and a genetic indication, the presence of Asiatic genes 
among Ethiopian Pygmoids, a clear-cut testimony (see 
van Loghem et al., as well as Nijenhuis and Hendriksen 
in Cavalli-Sforza 1986a). Despite the smallness of the 
sample and the population, it is remarkable that more 
than one gene shows Asian alleles not found elsewhere 
in Africa. Other populations in the same area of west- 
ern Ethiopia, in particular the patch of tropical forest 
near Bonga, should be investigated further, because this 
area has the potential for harboring relic populations. In 
the rest of Ethiopia, major historical developments are 
likely to have annulled or absorbed most prehistoric pop- 
ulations; thus, one can hope to find some “living fossils” 
only in the least accessible areas. 

If East Africa (or earlier, Arabia) was the place of ori- 
gin of the ancestors of the Khoisan, they must have later 
moved south. The southward expansion of the Khoisan 
may have occurred early and was probably reinforced 
by later migrations under the push of Bantu expansions. 
According to A. Morris (pers. comm.), however, there 
are no recognized Bushmen remains in South Africa be- 
fore 12 kya, but this may also be due to the difficulties 
of recognition. The presence of Caucasoids in northern 
Africa is attested to by the archaeological information. 
Caucasoids arrived in the western part of North Africa 
from the Iberian peninsula at an early time, perhaps 20 
kya or more. Migrations of Neolithic farmers from the 
Middle East are likely to have been numerically important 


AFRICA 193 


in the last 10 ky, but there must have also been earlier 
migrations. Suez, like Panama, is a narrow funnel, but 
it must have been crossed many times in prehistory. 

In the Neolithic period, the northern and central part 
of the Sahara was probably populated by Caucasoids 
and the central and southern part by Negroid peoples. 
The few Berbers who are left in the western Sahara may 
have originated in part from Capsian Mesolithic and in 
part from early Middle Eastern Neolithic ancestors, both 
Caucasoids. Only much later did Arabs and Bedouins 
enter the picture; most of them mingled with the local 
Berber population, although a few (e.g., the Mzab, near 
the oasis of Ghardaia in Algeria) may have remained 
largely unmixed. There may have been some Negroid 
admixture of early Saharan populations, perhaps from 
slaves raided farther south or from Black Africans who 
were living in the Sahara in the early Neolithic. Some, 
perhaps many, Negroids from the Sahara were pastoral 
nomads when the Sahara started drying up and were 
forced to migrate to the south, settling first in the Sahel. 
A fraction of these people have continued to practice 
cattle herding to the present day and have developed 
high frequencies of lactose tolerance as a consequence 
of fresh milk consumption (Flatz 1987). Their cattle 
is perhaps of Middle Eastern origin but may also have 
been domesticated independently in the Sahara at about 
the same time or possibly even earlier. Other Saharan 
Negroids who migrated to the Sahel from the Sahara 
developed new domesticates from local wild plants, es- 
pecially cereals, which were already adapted to the new 
climatic conditions. New crop development took place 
in a narrow strip below the Sahara from the Atlantic 
almost to the Red Sea, and several new domesticates 
appeared. West Africa may have been the first part of the 
continent to experience an important population increase 
from farming. The genetic data support at least two in- 
dependent expansions: one in western Senegal and one 
starting in the Niger—Mali—Burkina-Faso region, the lat- 
ter probably giving rise to the modern Gur, Mande, and 
Ewe, who are today located farther south. For settling 
in the more humid regions closer to the Atlantic coast of 
Guinea, the southern part of West Africa, further devel- 
opments of crops that could better withstand the humid 
climate were necessary. These new domesticates may 
have also helped in the later spread to Central and South 
Africa. Nigeria, on the eastern border of West Africa, 
has reasonable genetic similarity with populations to its 
west and east. From Nigeria, the expansion could only 
be eastward and southward since agriculture developed 
in the west at the same time or perhaps even earlier. The 
development of iron smelting in the sixth century B.c. 
or before certainly favored expansion from Nigeria, but 
when this early Iron Age started, there had already been 
important pre-Iron Age expansions toward Cameroon 
and Gabon. Genetic data strengthen the recent linguistic 
and archaeological findings that there was an important 
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western stream of Bantu speakers from Cameroon down 
the coast, and probably also more toward the interior. 

The early connections between the origins of the west- 
ern and eastern Bantu streams are more obscure. It 
seems likely that Bantu and Nilotic speakers intermin- 
gled, probably in the region around Lake Victoria where 
Urewe was located. This area may have been a melt- 
ing pot, sometimes genetic and sometimes cultural, with 
Bantu languages being more often successful, but still 
allowing the diffusion and survival of Nilo-Saharan lan- 
guages in East Africa. 

Ethiopians, the Beja, and perhaps the Tuareg— who 
might be, contrary to the expectation generated by 
their Berber language, an offshoot of the Beja (or vice 
versa) —have a mixture of African and Caucasoid genes 
quantitatively similar to that of the Khoisan. The two 
mixtures are likely to have had a different historical ori- 
gin but probably the same geographic cause, propinquity 
to Southwest Asia. If one tries to attribute the origin 
of the mixture of the Beja and Ethiopians to the same 
event, the hybridization date calculated from the genetic 
data for Ethiopians (3000 years ago) is too late. There 
may have been repeated genetic contacts between Ara- 
bia and East Africa during the last 5000 or 6000 years. 
One cannot exclude, however, the possibility that the 
Beja were of Middle Eastern origin, entered Africa from 
Suez, and acquired Negroid genes on their way south to 
their present location. If the common origin of Beja and 
Tuareg is confirmed, the westward migration and the ac- 
quisition of a Berber language by the Tuareg are likely 
to have been secondary events. Alternatively, it may be 
the Beja whose language was replaced. 

The Bantu expansion is recognizable, at the genetic 
level, by the slightly greater internal homogeneity of 
Bantus compared with West Africans; Bantus are not, 
however, totally homogeneous. Genetics tends to sep- 
arate the western and eastern streams and emphasizes 
the importance of the first. It also suggests considerable 
admixture of northeastern Bantu with Nilo-Saharans (at 
least with Nilotics, the principal representative here), 
which may have occurred in the region around Urewe. 
The nuclear area of the western stream is not located, 
genetically, in the Benue-Niger area, as was suggested 
by linguistic studies, but somewhat farther southeast. 
This should not be seen as a real disagreement with the 
hypothesis of Bantu origins in the Benue-Niger area. 
Genetic differences relevant to the problem are small 
and hardly significant. Minor population movements are 
common, and the power of geographic resolution of 
genetics and of linguistics is limited. The genetic map 
shows where populations differ enough from the back- 
ground that they tend to take values of PCs sharply devi- 
ating from the mean. It is perfectly possible that the late 
Neolithic and early Iron Age developments in Cameroon- 


Gabon were demographically important enough that a 
distinctive population arose locally and spread further 
south, although the actual beginnings were a little to the 
northwest. 

It remains difficult to pinpoint an ancient place of origin 
for the Negroid type, which includes all West, Central, 
and South Africans. Contrary to many earlier opinions, 
modern Pygmies and Khoisans are not good candidates 
for a proto-African population. Khoisanids cannot be con- 
sidered Negroid, if we accept that San are less mixed with 
Black Africans than Hottentots, in agreement with genetic 
evidence. But there is no such bar for Pygmies. Their skin 
is only somewhat lighter than that of local farmers (at least 
when they have not been exposed to the sun but live in 
the forest). Pygmies have extremely high frequencies for 
many typically African genes such as RH*cDe, FY*O 
and others, and on this basis it is tempting to consider 
them as Proto-African, or at least less mixed with other 
latecomers than are other Africans. Unfortunately, the 
language of the Pygmies cannot help us, the original one 
having been almost certainly lost. However, the extreme 
frequencies of some alleles among Pygmies may also be 
interpreted on a strictly selective basis. It is also true that 
there are many indications of a high genetic isolation of 
Pygmies, especially but not only, the smallest ones (the 
Mbutis). This may explain their position as extreme out- 
liers in the tree and the presence in both Biaka and Mbutis 
of many “private” or, more often, “semiprivate” polymor- 
phisms: alleles reaching relatively high frequencies, and 
present in one, the other, or both Pygmy groups, but rare 
or absent in other populations (Cavalli-Sforza 1986a). 

Altogether, Pygmies, Bantu, West Africans, and Nilo- 
Saharan peoples are all potential representatives of the 
modern African type, apart from possible minor Cau- 
casoid admixture (most probably rare or absent in Pyg- 
mies) acquired through contact with Caucasoids in the 
Sahara or from Khoisanid admixture. For different rea- 
sons, Khoisanids and Pygmies are, however, outliers 
with respect to the main African type. 

One group to which we have dedicated less attention 
because of unsatisfactory genetic knowledge is the pas- 
toral nomads, most of whom may have originated in the 
Sahara, but probably in different parts of it: the west and 
center for Peuls, the center for Hausa, and the east for 
Nilotics. Their typical “elongated” phenotype makes it 
tempting to search for a common genetic origin. When 
the genes responsible for their remarkable body build 
are known, it will be possible to test whether they are 
shared by all or most elongated Africans, supplying some 
indication about a potential common origin. It is un- 
likely that the other genes will give a clue unless sub- 
stantial population numbers and many genes are tested, 
because differences between most sub-Saharan Africans 
other than Khoisan and Pygmies seem rather small. 


4 ASIA 


4.1. General introduction, geography, and environ- 


ment 
4.2. Prehistory and history in North Asia 


4.3. Prehistory and history in Middle and Central 


Asia 
4.4. Prehistory and history in East Asia 
4.5. Prehistory and history in Southeast Asia 
4.6. Prehistory and history in South Asia 
4.7. Prehistory and history in West Asia 
4.8. Linguistics 
4.9. Physical anthropology 


4.10. General genetic picture of Asia 

4.11. Genetics of the Arctic 

4.12. Genetics of East and Central Asia 

4.13. Genetics of Southeast Asia 

4.14. Genetics of South Asia (the Indian subconti- 
nent) 

4.15. Genetics of West Asia 

4.16. Geographic maps of single genes 

4.17. Synthetic maps of Asia 

4.18. Summary of the genetic history of Asia 


4.1. GENERAL INTRODUCTION, GEOGRAPHY, AND ENVIRONMENT 


Asia is the largest of the continents (nearly 17 million 
square miles), and its size and complexity make it the 
most difficult to study. Prehistory and history are very 
different in the various geographic regions, which will 
therefore be considered separately. In this introduction, 
we first give some general considerations, followed by a 
summary of the conventional geographic subdivisions. 

Asia is really at the center of the world both geograph- 
ically and historically. The geographically central posi- 
tion of Asia is shown by its direct connection with Africa 
at Suez and by the proximity of East Africa; by the direct 
connection, and indeed continuity, of Asia with Europe 
that would make it more reasonable to speak of Eura- 
sia rather than of two distinct continents; by the direct 
connection with North America, through a strip of land 
called Beringia that existed at the time of the major flux 
from Asia to America; and by its proximity to both Aus- 
tralia and New Guinea. Thus, Asia is, or was in recent 
times, directly connected or extremely close to all the 
other continents. 

The origin of modern humans is now believed to 
have taken place outside Asia, in Africa. However, one 
important area in which some of the earliest modern 
humans were found, East Africa, was very close to 
Asia but probably not physically connected with it dur- 
ing part of hominid evolution. Early contacts between 
Africa and Asia at Suez are also very likely. Once Asia 
was colonized, the path to expansion to the whole world 
was clearly open, but unfortunately we know very little 
of the actual routes by which modern humans spread for 


the first time from the western part of Asia to its north- 
ern, northwestern, northeastern, southern, and southeast- 
ern parts. We have discussed in chapter 2 the possibility 
that there may have been two major routes of expansion 
from Africa to Asia, one through North Africa and one 
through Ethiopia; but clear genetic traces of the hypo- 
thetical southern route are detectable today only in south- 
east Asia, and perhaps, as we shall see, in South India. 
Also important are suggestions that an East Asian popu- 
lation hybridized with modern humans coming from the 
west (see sec. 2.1). In the western part of Eurasia, there 
was another human predecessor of Homo sapiens sapiens 
whose possible contribution to our subspecies is the sub- 
ject of much discussion, H. sapiens neanderthalensis. 
In any case, modern humans in Asia clearly under- 
went considerable demographic development that fa- 
vored their extension to the rest of the world, even if 
the routes and timing of the expansion inside Asia are 
nebulous. We have approximate times only for the en- 
try to the major continents. Later expansions are better 
understood, being tied to major technological develop- 
ment in food production that left clear archaeological 
marks. There were at least two major, and presum- 
ably independent, agricultural expansions, one in the 
Middle East (West Asia) and one in East Asia. They 
both started around 10 kya and the former expanded 
more widely. It originated in a zone with temperate cli- 
mate in the middle of a large temperate area: southern 
and central Europe, North Africa, and Central Asia. Far 
Eastern agriculture originated in China, and here one can 
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clearly speak of several independent developments that 
were, however, constrained by deserts and steppes in 
the west and north, by the highest mountains of the 
world in the southwestern direction, and by tropical con- 
ditions toward the south. When these two agricultural 
expansions had practically ended, the development of 
pastoral nomadism, a process initiated as a secondary 
and later adaptation of food production in the Central 
Asian steppes, was extremely successful in originating 
new expansions that continued for more than three thou- 
sand years, almost until the present. All these expansions 
have deeply affected the history and the linguistic and 
genetic geography of Eurasia. 

Asia is not only the largest but also the highest con- 
tinent. Mountains and plateaus occupy three quarters of 
the area. In the west, there is essentially no discontinuity 
with Europe. The geographic boundary is set somewhat 
arbitrarily at the Ural Mountains, but there is no effec- 
tive barrier to communication, especially in the southern 
part. Longitude varies from 60° E at the Urals (25° E in 
Turkey) to 170° W at the Bering Sea (145° E in Japan). 
Latitude varies from 9° S of the equator in Indonesia 
(1° N in Singapore) to more than 75° N. Accordingly, 
temperature varies from tropical to arctic conditions. 

It is common to distinguish seven large geographic 
regions that are ecologically very different (fig. 4.1.1). 


1. North Asia. North Asia is covered along the Arc- 
tic coast by tundra (permanently frozen soil, no trees) 
that extends somewhat farther south in the mountain- 


= Tundra 
Y Taiga 


Predominantly 
cultivated 


Subtropical 
forest 


Steppe 


Semi-desert 


Tropical 
forest 


Desert 


Broadleaf 
forest 


Sire 


ous parts of North Asia; south of the tundra belt is the 
taiga zone, with coniferous trees mixed with deciduous 
trees like aspen and birch; grass and shrub are found in 
drier parts. The North Asian environment extends from 
the Urals to the Pacific Ocean and continues west of 
the Urals into Europe to include major parts of north- 
ern Russia and Scandinavia. The northeastern part was 
connected with North America until the end of the last 
glaciation, when the sea level rose and submerged the 
flat land connecting Asia and America. The separation 
of the two continents was complete around 10 kya. 


2. Central Asia. Central Asia, below North Asia, is 
a strip of almost homogeneous environment from the 
Urals (and west of them) to Korea (not included). This 
is the steppe, mostly unwooded grassland interrupted by 
deserts. 


3. Middle Asia. Directly below Central Asia, Middle 
Asia extends from the Caspian Sea (including the Iranian 
plateau) to the northwestern part of China. From north to 
south, this region makes a more or less gradual transition 
from the steppe to a semidesert (brush, saltbrush, etc.) 
or desert with oases. 

Middle Asia is separated from South Asia by moun- 
tain ranges. The Pamirs are in the west; and three major 
chains are in the east: the Tien Shan (north), the Kun 
Lun (central), and the Himalayas (south). Between the 
latter two lie the Tibetan Highlands and the climate is 
strongly affected in all these regions by altitude. 


Fig. 4.1.1 Map of ecological and 
geographic regions of Asia. 


4. South Asia. In the narrow sense, South Asia is 
the Indo-Gangetic plain corresponding politically to Pak- 
istan and the north of India, plus the Deccan plateau 
of the Indian peninsula (the south of India). The west- 
er part is mostly tropical savanna. The climate in the 
north-central and peninsular area is mostly humid trop- 
ical, and the eastern area is mainly a humid, evergreen 
forest. 


5. East Asia. East Asia 1s represented by the eastern 
part of China, Korea, and Japan. Japan was connected 
to the continent until the end of the last glaciation. It 
is primarily a cultivated land; the climate is that of a 
temperate zone, colder and drier in the north, under the 
influence of cold air masses from Mongolia, and warmer 
and humid in the south, under the influence of hot Pacific 
air masses. 


6. Southeast Asia. Southeast Asia includes the 
peninsula of Indochina, the Malay peninsula, and the 
islands of Indonesia, Borneo, and the Philippines. This 
was a single land mass until the end of the last glacia- 
tion. It is covered by rain forest, evergreen, or deciduous 
humid tropical forest. 
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7. West Asia. West Asia is sometimes distinguished 
as West Asia proper, including the Anatolian plateau 
(Asia Minor) and the Armenian and Iranian High- 
lands, and Southwest Asia, made up of Arabia and 
Mesopotamia. It is a predominantly arid region, becom- 
ing a true desert in the Arabian peninsula and in much 
of the Middle East. The Mediterranean and Black sea 
coasts have a mediterranean climate. 


Because of the great extent of Asia, and its consequent 
heterogeneity, we have chosen to treat each main region 
by itself from the point of view of prehistory and of his- 
tory. Although geographically and ecologically distinct, 
Central and Middle Asia have enough common develop- 
ments that they were pooled for our purposes. The next 
six sections deal with each of these geographic regions in 
sequence. A general summary of the linguistic picture of 
Asia is given in section 4.8, and of physical anthropology 
in section 4.9. The general genetic picture is discussed 
in section 4.10, with the next seven sections dedicated 
to Asian regions according to a breakdown suggested by 
the genetic analysis, which is similar, but not identical, 
to the standard classification used for the geographical 
and historical part given in the first seven sections. 


4.2. PREHISTORY AND HISTORY IN NORTH ASIA 


In the middle Paleolithic, North Asia was as cold as 
it is now. There is no evidence of human occupation 
of Siberia until 35,000 B.p (Klein 1980), when signs 
of human presence begin to appear (at least as far as 
known today), showing people and cultures similar to 
those seen in Europe at the beginning of this period. 
Both Europeans and North Asians probably came from 
the Middle East. An important unanswered question is, 
when did a.m.h. first enter the Americas? The problem is 
more fully discussed in the chapter on the Americas, but 
one may anticipate different opinions, ranging between 
35 kya and 15 kya (Fagan 1987). 

Two primary upper Paleolithic cultures existed in 
Siberia: one in the Far East, where the climate was 
milder and there was a mixed forest (Amur maritime; 
Chard 1974); and one in the interior, which includes the 
Mal’ta culture, near Irkutsk, the Yenisei Paleolithic, near 
the Yenisei River, and the culture of the Diuktai cave 
(see fig. 4.2.1). There is undisputed evidence of Alaskan 
occupation, beginning | 1,000 B.p. Beringia was then still 
above sea level, and Northeast Asia and Alaska were 
joined by land, making the passage to America easier. 
At the time, Northeast Asia offered two types of lithic 
technologies, both evolved from prototypes in Mongolia: 
one characterized by “pebble-type” tools, and the other 
by use of cores for making stone tools. There were also 
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Fig. 4.2.1 Map of cultures in North Asia (Whitehouse 
and Whitehouse 1975). 


two major funnels, through which people could have 
crossed to Alaska. One of them, the northern funnel, 
was entirely tundra, and would have been open to peo- 
ple from North Asia adapted to this harsh environment. 
The other funnel was along the Pacific coast, and people 
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from the Amur basin, Japan, Manchuria, Korea, and 
northern China would have used it, but probably at times 
of low sea level; many lands that are now submerged may 
harbor the most interesting archaeological remains. 

In the period between 9000 and 3000 B.c., the Siberian 
climate was warmer and may have stimulated immigra- 
tion from the south; it then became cooler. From 7000 
B.C., pottery is found, hence the name Neolithic, al- 
though there is no trace of agriculture. Again, the cultures 
of the Pacific coast and those of the interior are clearly 
distinct. The Bronze Age began late in the first millen- 
nium B.c., and the Iron Age in the next millennium. 
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Fig. 4.2.2 Present location of 
ethnic groups in Siberia. 


In recent centuries, Siberian people have undergone 
substantial migrations and acculturations. Those located 
in extreme northern regions are probably the least accul- 
turated; thus, only the southern Nganasan have become 
reindeer breeders, while in the extreme north they are 
still, or were until a short time ago, hunters of reindeer 
(fig. 4.2.2). 

For a more extensive general introduction to the main 
topics treated here, see chapter 49 in the Cambridge En- 
cyclopedia of Archaeology (Sherratt 1980). It has been a 
partial source of information for us and contains further 
references. 


4.3. PREHISTORY AND HISTORY IN MIDDLE AND CENTRAL ASIA 


In Middle and Central Asia, Neanderthal people left 
their mark, and the upper Paleolithic is represented 
in the region. So too is the Mesolithic, which shows 
strong similarities to that found in northern Iran. Major, 
better-known prehistorical and historical developments 
of possible genetic significance, occurred in the Neo- 
lithic. 

Because extensive contacts between Central and Mid- 
dle Asia have almost always existed, we discuss them 
together. Central Asia is a strip of land made of steppes 
and deserts that extends west into Europe, in the region 
between the Volga and the Urals, north of the Caucasus 
and the Black Sea. Middle Asia is a dry region east 
of the Caspian sea, which has had important exchanges 


northward with the people of the steppes of Central Asia 
and southward with the Neolithic cultures of Iran and 
the Indus Vailey and the later urban civilizations that 
developed in those areas. Nevertheless, Middle Asia, 
and in particular its western part, which is often referred 
to as Turkmenia, also had developments of its own. 


4.3.a. NEOLITHIC IN CENTRAL ASIA AND 
NORTHERN IRAN 


In Middle Asia, the Neolithic appeared in the sixth and 
fifth millennia B.c.. The Djeitun culture (fig. 4.3.1) was 
clearly imported from the Iraqi-Iranian region. It was 
a culture of settled farmers that, in the fifth and fourth 
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millennia, reached a certain level of prosperity in spite of 
the aridity of the soil that confined most of the develop- 
ment to oases. In the fourth millennium, early Chalcoli- 
thic cultures are observed. In the first half of the third 
millennium, settlements increase in size and have incip- 
ient specialized structures, fields show beginnings of ir- 
rigation, and one observes signs of important contacts 
with Iran. During the period 2500-2000 B.c. there is an 
early Bronze Age and proto-urban development. Altin- 
depe (fig. 4.3.1.; Zvelebil 1980) is more than 60 acres in 
size, with monumental architecture, many multiroomed 
houses, and use of seals. Throughout southern Turkme- 
nia, culture seems to be largely unified, and in the next 
400 years (2000-1600 B.c.), a truly urban development 
takes place (e.g., Namazga V). Writing is borrowed from 
neighbors. But between 1600 and 1500 B.c. a mysteri- 
ous decadence sets in. Altin-depe and Namazga-depe are 
abandoned, and agricultural oases also decay. Abandon- 
ment is gradual; there are no signs of catastrophic events, 
but the possibility exists that decadence is due to incur- 
sions of stock-breeding tribes. There are in fact indica- 
tions of contact with northern tribes from the steppes of 
Central Asia: sherds of Andronovo, a steppe culture, as 
well as symbols popular in the steppes, like swastikas, 
and burials typical of some steppe tribes (Masson and 
Sarianidi 1972). This period is approximately contem- 
porary with that of the decadence of the more southern 
Harappan civilization (see South Asia), which may have 
been caused by related events. 
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Fig. 4.3.1 Map of middle and central Asia 
in the Neolithic and Bronze Age (Mallory 
1989: Sherratt 1980; Zvelebil 1980). 


4.3.b. THE DEVELOPMENT OF PASTORAL 
NOMADISM IN THE CENTRAL ASIAN STEPPES 


The steppes of Central Asia, just north of Turkme- 
nia, were a difficult environment for agriculture, but 
the grasslands lent themselves to husbandry. Goats and 
sheep and cattle bones are found from 4000 B.c. (Zvelebil 
1980). In the third millennium B.c., the camel and horse 
came into use. The dominance of pastoralism over 
agriculture probably developed slowly but consistently. 
Animals, including their milk, soon became the most 
important source of food, but everything was used, from 
skin to excrement (as a source of energy). The next im- 
portant developments are wheeled transportation, with 
two- and four-wheeled carts (middle of the third mil- 
lennium B.C. in the western steppes, above the Black 
Sea; somewhat later in Central Asia), and horse riding, 
with horse-handling gear. Burial mounds called Kur- 
gans, believed to be typical of this culture, spread to the 
whole steppe between 2500 and 1500 B.c. The Central 
Asian steppe is an excellent environment for pastoral no- 
madism, which probably originated between the Dnieper 
and Ural rivers (e.g., the Yamnaya culture) about 2500 
B.c. and spread east to Asia, beyond the Urals, about 
2000 B.c. Around 2000 B.c., the steppe Bronze Age 
began to flourish thanks to the rich mineral ore deposits 
in the Urals, and, later, in the Altai Mountains. Farm- 
ing and irrigation techniques borrowed from Turkmenia 
helped complete the economic and technological pic- 
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ture. Two cultures descended from earlier Yamnaya: the 
Srubnaya and Andronovo, which were responsible for 
some later developments. All these cultures spoke Indo- 
European languages, and their members are believed to 
have been Caucasoid in physical appearance. Only later 
did pastoral nomadism spread eastward, to Mongolia and 
Mongoloid people. 

Pastoral nomadism was the most important factor in 
the development of Central Asia, with the horse most 
probably playing a major role in subsistence, transporta- 
tion, and eventually military operations. From there, it 
probably spread farther south, to the Middle East and 
Arabia, and later to Tibet. 

Pure pastoral nomadism (i.e., totally without agricul- 
ture) is rare. More common is seminomadic pastoralism, 
in which there is some agriculture in a supplementary ca- 
pacity, practiced, for instance, by women, who remain 
sedentary, or by some groups within the society (Kha- 
zanov 1984). There are all possible degrees of relative 
importance of agriculture and pastoralism. Pastoral no- 
madism, however, is characterized by mobility, essen- 
tially migrations accompanying the herds. The migra- 
tions, often seasonal, can range from 20 to 1000 miles 
or more and may last many months. They often follow 
traditional routes that have not changed over millennia. 
Very frequently, pastoralists engage in important eco- 
nomic exchanges with sedentary farmers, with relations 
varying from symbiosis to predation. Nomads occupy 
enclaves that usually intercalate with those occupied by 
farmers and are not useful for agriculture. When they 
occupied a politically dominant position, nomads did 
sometimes take farmlands and turn them into pastures. 

In general nomads used more than one animal species, 
sheep, goats, horse or cattle but, especially in marginal 
environments, there is only one domesticated animal: 
for example, the reindeer in the Arctic, and the camel 
in the southern deserts. Like most economies based on a 
few — or sometimes only one—sources of food, pastoral- 
ism is unstable. Under favorable meteorological condi- 
tions, herds may be expanded, which takes a relatively 
small number of years; this may cause cyclical variation 
when changes in conditions occur. Several anthropolo- 
gists (Khazanov 1984) believe that there is a trend to 
increase the size of herds, which, if successfully car- 
ried through, may allow an increase in the human pop- 
ulation size. When herd size must be reduced, human 
birth control is sometimes practiced. It has been stated 
that “in the long term the pastoral economy is doomed 
to stagnation” (Khazanov 1984). When nomads could 
effectively exploit and control farmers, they had, how- 
ever, additional chances of increasing their power and 
their numbers. | 

Other characteristics of nomadic life are also impor- 
tant for understanding their history. One man, even one 
child, can control large herds. Nomads work little to pro- 
vide food and have time for other activities. On the other 


hand, nomadic life is challenging in terms of dangers and 
need for defense; it requires difficult decisions, excel- 
lent knowledge of the environment and animal breeding, 
and skills in the use of weapons (Turri 1983). It leaves 
time for exercising military skills, which are sometimes 
needed, and also for engaging in leisure and artistic ac- 
tivities such as weaving, which is well suited for the no- 
madic type of life, given the availability of raw materials 
like wool and vegetable pigments and the transportabil- 
ity of small, lightweight looms. Nomads can form rela- 
tively large social groups, which may be advantageous 
for attack and defense; there has thus been provided an 
excellent opportunity for generating structured societies 
with rigid classes and chieftains, hereditary or elected. 
The innovations in horse riding and the use of chariots 
enormously increased mobility and opportunities for de- 
veloping military skills (Khazanov 1984). Even moving 
from summer to winter pastures and vice versa (trans- 
humance), a group of many thousand people may travel 
1000 km a year or even more and therefore need lo- 
gistical skills similar to those of an army. Chariots and 
horses developed for use in war gave the potential for 
conquest of remote lands and the subjection of large, 
peaceful farming peoples. 

Nomads despise sedentaries, thinking their own way 
of life is superior. The imprinting of a mobile and free 
life in attractive environments by exposure to it from the 
youngest ages may make it very difficult for the nomad 
to become sedentary; they rarely do so. Europe provides 
a classic example of nomads who refuse to settle and 
have maintained their identity for almost a millennium: 
the Gypsies. 

The potential for rapid population growth following 
the increase of herds, the advantage of life in the open 
with frequent change of environment (which may de- 
crease the chances of epidemics and parasites), the abil- 
ity to move rapidly and form large bands of well-trained 
warriors, who can be collected from neighboring tribes 
if necessary, the development of very effective weapons 
and tactics, all of these factors have given pastoral no- 
mads excellent chances of expanding, plundering and 
subduing sedentary populations, and occupying desir- 
able areas. All these preadaptations have made it likely 
that strong groups of pastoral nomads could move to in- 
vade and control rich agricultural regions, even though 
they were, in terms of relative numbers, small minori- 
ties with respect to earlier settlers of agricultural lands. 
Especially in earliest times, farming societies had prob- 
ably not developed strong military organizations. Their 
conquest was thus relatively simple and left few archae- 
ological traces. 

In the second millennium B.c., there may have started 
some true population explosions of the people of the 
steppes, which continued to generate repeated population 
waves until the Middle Ages, first of European-looking 
and Indo-European speaking individuals, then, begin- 


ning in the third century B.c., of oriental-looking no- 
mads, speaking languages of the Altaic family. It is likely 
that, in the majority of the cases, the relative numbers of 
conquering nomads to earlier settlers was rather small, 
having therefore little genetic impact. But, by forming 
local aristocracies that kept their grip over the earlier 
settlers for centuries or millennia, the nomads may have 
determined a gene flow disproportionate to their original 
numbers, as well as a considerable class stratification 
with differential gene flow according to class. A simi- 
lar situation applies, for instance, to Mexico, where the 
Spanish contribution was initially very modest but there 
has been some hispanization at the genetic as well as at 
the cultural and linguistic levels, with strong geographic 
and social differentials (Lisker 1981). A similar situation 
applies to India, with a further complication introduced 
by the caste structure (see South Asia). 

The archaeological record is uncertain, and _ there- 
fore the “Indo-European” migrations to Europe from the 
Asian steppes are not as clear as they were in the minds 
of earlier prehistorians (Renfrew 1973, 1987). Those to 
Iran, Pakistan, and India are perhaps more clear. The 
penetration of Turkmenia, the Indus Valley, and India by 
Aryans, probably from the Andronovo and Srubnaya cul- 
tures in the first half of the second millennium B.c., may 
have been among the first expansions of pastoral nomads 
in Asia (Zvelebil 1980). The culture described in the old- 
est Aryan texts is very similar to that of the steppe no- 
mads. The Hurri and Mitanni kingdoms in Mesopotamia 
(1500-1300 B.c.) probably had a similar origin (Moorey 
1980). The early migrations of Indo-European speak- 
ers from the Volga steppes, which—according to older 
prehistorical teaching—have led to the occupation of 
Greece, Italy, and central Europe (the Celts) were dated 
to the last part of the second millennium B.c. There is 
little, if any, unambiguous archaeological trace of such 
migrations, and many archaeologists today are somewhat 
skeptical that such migrations of pastoral nomads ever 
took place (see, e.g., Renfrew 1987). The steppes of 
Central Asia also generated many later waves of nomads 
described in the following paragraphs. At first these came 
from the western moiety of the steppes and then from 
the eastern part of the steppes toward the west and south. 
There is historical confirmation for these later migrations 
(Zvelebil 1980). 

It is believed that the cultures of Srubnaya and An- 
dronovo were also responsible for the origin of a strong 
group of pastoral nomads called Scythians, a Caucasoid 
group whose settlements, starting perhaps with the tenth 
century B.c., extended from the northern coast of the 
Black Sea to the Altai region. Their movements in war are 
told in considerable detail by Herodotus, who described 
the war waged, and lost, by the Persian king Darius 
to the Scythians that inhabited at the time (sixth cen- 
tury B.c.) the northern coasts of the Black Sea. The in- 
credible customs and ornaments of the Scythians related 
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by Herodotus (1964, see also Rice 1957) were not be- 
lieved for many centuries until the discovery of Scythian- 
like tombs in the Russian steppes vindicated his writings. 
Scythians left a highly developed art that included gold 
sculptures and carpets, of which a beautiful sixth cen- 
tury B.c. sample was conserved in good condition in the 
frozen Pazyrik tombs of eastern Siberia. Among mili- 
tary innovations, they developed special skills in shoot- 
ing with bows from horseback, perhaps because of the 
introduction of stirrups, which gave them an advantage 
over the military use of chariots. 

Scythians generated several secondary nuclei in the 
east, like Sacians (or Sacae) and Massagetes, which 
may be different names given to Scythians by dif- 
ferent people. Under pressure from other steppe no- 
mads, another cluster of descendants from Andronovo 
deprived the royal Scythians of power: the Sarmatians 
or Alans, speaking an Indo-European language of which 
there remain corrupted relics in Ossetic (southern Cauca- 
sus). Sarmatians also mixed in part with Scythians and 
reached Europe. Their advantage over the Scythians was 
due to the use of heavy armor and long lances on horse- 
back. 

Sarmatians (Zvelebil 1980; also Sulimirski 1970) were 
later defeated by the Huns (perhaps the same people 
as the Hsiung-nu referred to in Chinese annals), whose 
bows could penetrate Sarmatian armor. The Huns were 
probably the first Mongolian nomads, who dominated 
the Asian steppes from 300 B.c. to A.D. 500 and formed 
a confederation of nomadic tribes from Manchuria to 
the Pamir. The Huns were even more mobile than ear- 
lier nomads, having given up cattle breeding. They were 
very skillful mounted archers, and their excellent strat- 
egy gave them a series of victories. Their attacks on 
northern China were the main stimulus for the construc- 
tion of the Great Wall of China by the Qin (pronounced 
Ch’in, which is also the earlier spelling) dynasty, at the 
end of the third century B.c. The succeeding Chinese 
dynasty (the Han) fought the Hsiung-nu vigorously and 
eventually absorbed part of them, while a western horde, 
the Huns, were driven into Central Asia. They invaded 
Europe in A.D. 370, overcame the Alans (living between 
the Volga and the Don), defeated the Ostrogoths and 
Visigoths, and extended their power to Germany and the 
Balkans. Finally, under Attila, they invaded Italy. After 
the death of Attila and a major defeat, they disappeared 
from history. 

The Hsiung-nu had customs in common with the 
Turks. Shortly after the disappearance of the Hsiung-nu 
from the chronicles, the T’u-chueh, who claimed descen- 
dance from them, became the most powerful nomads of 
the Mongolian steppe. They are usually identified with 
the Turks, being sometimes called Orkhon Turks, and 
rose to power in Mongolia in the seventh century A.D. 
They expanded westward and established several king- 
doms, the most important one being that of Timur Lenk 
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(Tamerlane), who created in the last part of the four- 
teenth century a vast empire, stretching from China to 
the Mediterranean. He died while he was preparing for 
the final conquest of China. At different times, other 
Turkic people formed a number of empires. The Khazar 
in the Ukraine (seventh to twelfth century) originated 
from a confederation of Turkic people and Iranians. 
The Turkmen Oguz nomads occupied eastern and cen- 
tral Anatolia in the twelfth century, fighting Byzantines 
and Mongols. They founded the Ottoman Empire, which 
reached its peak in the sixteenth century, at which time 
it occupied most of the southern and eastern Mediter- 
ranean, and lasted until the twentieth century. 

The last wave of nomads from Central Asia were 
Mongols. A tribe known as “All The Mongols” entered 
the chronicles in the eleventh century; other powerful 
tribes in the region at that time included the Tungus 
and Tatars. Between the twelfth and the thirteenth cen- 
turies, the Mongol Genghis Khan conquered a vast em- 
pire that was further enlarged by his successors and at 
the time of Kublai Khan included Mongolia, China, Ti- 
bet, Siberia, Iran, Iraq, the Caucasus, and southern Rus- 
sia (the Golden Horde). The Mongols lost power to the 
Ming dynasty of China in A.D. 1367. 

It is easy to believe that all these conquests by nomads 
had effects on the geographic distribution of genes. It is 


4.4, PREHISTORY AND HISTORY IN EAST ASIA 


4.4.a. JAPAN AND KOREA: ARCHAEOLOGY AND 
THE BEGINNING OF HISTORY 


Japan was not an island in the period in which the 
first human occupation was detected; it was connected 
entirely or almost entirely with the mainland both to the 
south (through southern Korea) and to the north (through 
Hokkaido and Sakhalin). There existed an internal sea 
between Japan and the internal coast (Sea of Japan; see 
fig. 4.4.1). Connections with the mainland disappeared 
with the increasing sea level between 10,000 and 7000 
years ago. The various islands forming Japan were un- 
interrupted land before that time (Glover 1980). 

Extensive archaeological investigations of Japan point 
to signs of human occupation dating back to 30 kya 
near Tokyo, where one edge-ground axe was found at 
the Sanrizuka site (Glover 1980). The population in 
southern Japan increased by the year 20,000. Koyama 
(unpubl.) estimated the maximum number of Paleolithic 
inhabitants at 3000 individuals, on the basis of compar- 
isons with the population density of Australian aborigi- 
nes. This estimate may be low, considering that the cli- 
mate was probably more favorable. The first pottery (the 
oldest in the world) is dated from 12.7 kya. The style of 


possible, however, that in earlier times the genetic con- 
tribution of nomad invasions may have been more impor- 
tant numerically, especially when large groups of nomads 
settled in new lands and prospered. As one comes closer 
to more recent times, the population density of farmers 
was higher, and hence the relative genetic contribution 
of invading tribes was likely to have been less important. 
At the beginning, when invading nomads were followed 
by their families and farmers had little military power 
(e.g., in the Indus Valley), the genetic contribution of 
invaders might have had a greater impact. In more re- 
cent times, the invaders had to face strong and organized 
resistance, which might be incompatible with being fol- 
lowed at close quarters by women and children. At the 
end of the Western Roman Empire, however, Goths were 
still traveling with families and obtaining from Roman 
emperors the right to settle in Roman lands. Although 
modern Turkey was repeatedly invaded by Turks from 
the late eleventh century A.D. onward, what little genetic 
evidence is available does not seem to support a major 
genetic contribution by the invaders. 

For a more extensive general introduction to the main 
topics treated in this section, see chapter 38 in the Cam- 
bridge Encyclopedia of Archaeology (1980). It has been 
a partial source of information for us and contains further 
references. 


pottery changes somewhat around 10 kya, marking the 
beginning of the period called Jomon (or Japanese Neo- 
lithic) that lasted until the third century B.c.. One should 
note here the frequent confusion generated by the fact 
that the name Neolithic is given to the presence of pot- 
tery, whereas in other parts of the world, for example, 
Europe, it indicates the presence of agriculture. 

During the Japanese Neolithic, there is no clear plant 
cultivation until perhaps the middle of the first millen- 
nium B.c. (millet, buckwheat, hemp). Domesticated dogs 
appeared in 7000 B.c.. Fishing was common, especially 
on the east coast; boats and paddles are found from 5000 
to 4000 B.c.. There was hunting of pigs, deer, birds, and 
small mammals. Pottery may have been used for the 
collection and storage of acorns, and for boiling food. 

Throughout the Jomon period, there was a marked 
population growth lasting until about 4000 B.p. Accord- 
ing to Koyama (unpubl.), a survey of almost 28,000 
archaeological sites in Japan belonging to the Jomon pe- 
riod (Koyama 1978), dated by pottery style but in part 
by radiocarbon, shows that from 10,000 to about 4500 
B.P. population growth was regular and stable, at the rate 
of around 1% per year. As the maximum population den- 
sity, reached around 4000 B.p., there were about 260,000 
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people in Japan (0.89 inhabitants per km*) with consider- 
able variation from region to region. Areas most densely 
populated (up to 3 inhabitants per km*) were in Kanto 
and Chubu. After 4000 B.p, there was a cooling of the 
climate and concomitant reduction in population growth. 

Contacts with Hokkaido were few. On the northeast 
end of this island, there is today an ethnic group that 
differs from the modern Japanese, the Ainu. Pottery de- 
veloped in Hokkaido only 5000 years after its beginnings 
in Japan (Chard 1974). The archaeological situation in 
southern Korea is less well known, but pottery is found 
from around 4000 B.c., and there is evidence of contact 
with Japan. The Jomon population may have been of the 
Ainu type south of the island of Hokkaido (see below). 

A dramatic change began in Japan in the period 400- 
300 B.c., initiating the Yayoi period. Farming, including 
cultivated rice with irrigation, iron tools, and weaving 
is first found in the southwest of Japan, presumably 
arriving there from or via Korea. There are no signs of 
massive immigration at this time; however, about 200 
B.c. a rapid spread of the Yayoi cultural pattern began 
along the main axis of Japan, reaching its maximum be- 
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tween 100 B.c. and a.p. 100 (Middle Yayoi). The num- 
ber of Yayoi sites increased, and river valleys were occu- 
pied. Population growth has been estimated at 1.7% per 
year (Koyama 1978). One encounters the first mention 
of Japan in Chinese chronicles from a.D. 57, when an 
envoy from the state of Nu in northern Kyushu visited 
the Han court. 

The beginning of history in Japan coincides with the 
Kofun period, fourth to the seventh century a.p.. The de- 
velopment of stone tombs of dolmen type here as well as 
in Korea indicates that a foreign influence 1s likely; war- 
riors were buried in their armor, and saddlery is found in 
tombs. Social stratification is observed, and evidence of 
Korean and Chinese contacts increases. Some archaeolo- 
gists suggest an invasion of a militant pastoral tribe from 
northeastern Asia in late Kofun times (Chard 1974). 

Among anthropological problems in Japan are the re- 
lations between the Ainu, living in Hokkaido and farther 
north, and modern Japanese, and those between Japanese 
of the Jomon and Yayoi period. A discriminant analysis 
of a limited number of skulls (Howells 1986) found dif- 
ferences between the Ainu and the Japanese. The latter 
clustered in two major groups, one of which consisted 
mostly of southern and the other of northern Japanese, 
whereas most Jomon skulls clustered in a third group 
with Ainus. Modern Japanese skulls are markedly simi- 
lar to Chinese ones. Similar results are obtained by Hani- 
hara (1985). The analysis of a series of East Asian skulls 
with nine measurements suggested that in Jomon times 
Japan was inhabited by Ainus, and that a heavy infiltra- 
tion of migrants from the Asian continent via the Korean 
peninsula took place in Yayoi times. 


4.4.b. CHINA: FROM PALEOLITHIC TO HISTORY 


China is one of the few regions of the earth that shows 
signs of human habitation in the lower Paleolithic. Homo 
erectus fossils and artifacts have been found in abun- 
dance in the lower caves of Zhoukoudian (Choukoutien 
in earlier writings) near Beijing. (Recent information can 
be found in Brooks and Wood [1990].) The date assigned 
to this, once called “Peking Man,” is between 230 and 
500 kya, possibly similar to the date for other famous 
human remains from Java. Finds made recently at Lan- 
tian (100 km southwest of Zhoukoudian) are earlier, per- 
haps 600-1000 kya. No Neanderthals have been found in 
China, the nearest one having been found in Uzbekistan. 

The earliest specimens of H. sapiens are from Dali 
(near Xian, 180-230 kya), from Jinniushan (northeast 
of Zhoukoudian, 210-300 kya) and from Maba (in the 
southern province of Guangdong, 130 kya). The oldest 
modern human is from Liujiang (Guangxi) and has an 
approximate (uranium) date of 67 kya. 

Modern human fossils have also been found in the 
upper Zhoukoudian cave. This upper Paleolithic mate- 
rial is dated to 11-18 kya. Morphometric analysis (How- 
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ells 1981) found the skulls to be more similar to those 
of American Indians than to those of modern Chinese. 
There is no great similarity between the upper cave 
Zhoukoudian and Liujiang; the latter is more similar 
to three skulls found at Minatakawa (Okinawa, about 
midway between Taiwan and Japan, dated to 28 kya) 
and to remains from the Niah Cave in Southeast Asia. 
Analyses of fossil material are usually based on very 
few skulls and may therefore be affected by gross sam- 
pling errors. Prima facie evidence, however, suggests a 
difference between northern and southern early modern 
Chinese humans, which continues later. A longer list of 
dates is found in Brooks and Wood (1990). 

We should mention a strong belief expressed in some 
Chinese publications (e.g., Wu 1988) that there is a con- 
tinuity in the human lineage in China from H. erectus to 
early H. sapiens to modern specimens, which suggests 
a parallel but independent evolution in West and East 
Asia. This idea, based entirely on paleoanthropological 
observations, is similar to that expressed by western sup- 
porters of polycentric human evolution. It is difficult to 
reconcile this hypothesis with the genetic data, but it is 
possible to hypothesize that there was admixture of ex- 
panding modern humans and local archaic H. sapiens 
groups, as previously discussed in chapter 2. 

A different approach has been used by Turner (1989), 
who has analyzed extensive collections of ancient and 
modern teeth from large regions of the world. The most 
interesting results from dental studies to date have made 
it possible to distinguish different migrations from north- 
eastern Asia, but some of the results are also relevant to 
the distinction between northern and southern East Asia. 
This approach is discussed in some detail in chapter 6 
on the Americas, to which these studies have made the 
most outstanding contribution. 

Chinese archaeology has recently blossomed, and one 
may expect a number of current ideas to be upset by 
discoveries that are unpublished or still to come. The 
new discoveries have made a major impact on the Chi- 
nese Neolithic: the beginning of farming has been moved 
back by about 2000 years. Until recently, the record of 
early farming started around 5000 B.c. in three areas, 
and the cultures recognized at that time showed well- 
developed villages, making it hard to believe they were 
truly the initial ones. Earlier sites with less-developed 
cultures have now been found, contributing to our un- 
derstanding of the transition from the upper Paleolithic 
to the early Neolithic (Chang 1977). Figure 4.4.1 shows 
the location of traditional Neolithic areas. Information on 
the Chinese Neolithic is practically unavailable in non- 
Chinese publications, and a summary of the information 
obtained from Professor Gong of Xian during a recent 
journey to China is given below in more detail. 


1. Middle cultural area. The Middle cultural area, 
the earliest, is found in the provinces of Shaanxi, Shanxi, 


Hunan, and Hebei, and corresponds approximately to 
the area indicated as Yang-Shao in the map. The early 
stage (also called pre- Yang-Shao) starts around 8500 B.P; 
millet was the major crop (up to 100 tons were found 
in one village). The pig and dog were domesticated. 
More than 60 villages were found, dated between 6500 
and 8500 B.p, and occupying an area of 1000—20,000 
square meters. The middle stage, corresponding to the 
classical Yang-Shao period, lasted from 6500 to 5000 
B.P. in Shaanxi and Shanxi and from 7800 to 5000 B.p. in 
Hebei and Hunan, depending on areas. The celebrated 
village of Banpo, in Shaanxi, and the even better known 
nearby village of Zhangzhai belong to this period. At 
Zhangzhai, the whole village was excavated, revealing 
about 100 houses made of clay and a canal around the 
village. The houses were clearly grouped into five areas, 
each with a bigger house at the center, and presumed to 
correspond to different clans. Agriculture was definitely 
more important than foraging, with millet still the major 
crop; sheep, cows, and pigs were bred and kept in pens. 
Cemeteries were outside the village, one per clan, and 
tombs with female skeletons were much richer than those 
of males, suggesting a matriarchal culture that continued 
in China, at least in part, until the first millennium B.c.. 
Yang-Shao villages used written signs, of which more 
than 200 specimens have been found (Glover 1980). 
After 4800 B.p began the late Neolithic, or Lung- 
shan stage, which is fairly different in different regions. 
Class distinctions appeared, and the end of the Lung- 
shan coincided with the first dynasty, Xia (Hshia in ear- 
lier spelling). This time is still before the historical pe- 
riod, because writing began with the Shang dynasty, a 
few hundred years later. During the Xia dynasty, there 
were writings on scapular bones for divination purposes. 
The Yang-Shao culture was centered on the middle 
portion of the Huang Ho (the Yellow River). Agriculture 
started later in the upper (5500 B.P; Gansu and Qinghai 
provinces), and lower (7000 B.p; Shandong province) 
areas of the river. Both areas also used millet. In the 
northeast (Liaoning, extending to northeastern Beijing 
and northeastern Mongolia), the Neolithic began in the 
western part (7000 B.P.), always with millet and pigs. 


2. Yangtze area. By contrast with the Yellow River, 
all the cultures that developed in the Yangtze area (Qing- 
Lein-Kang) cultivated rice rather than millet. The earliest 
is in the lower Yangtze River valley (Homutu culture), 
beginning in 7000 B.P; rice was present in large amounts. 
In addition, pigs were domesticated. The middle Yangtze 
was a little later (beginning 6000 B.P); it was also based 
on rice and pigs, as was the upper Yangtze (Sichuan, 
Yunnan, eastern part of Tibet) beginning around 5000 B.P 


3. South coastal cultures. The south coastal cultures 
(Ta-Pen-Keng), which began in caves, were also based 
on rice and pigs. The earliest is in Guangxi (6000 B.P.), 


later extending to Guangdong (5500 B.P), Fujian, and 
Taiwan. 


The distinction into northern and southern Neolithic 
reflects modern genetic differences, as we shall see. 
Around 1800 B.c. we find the emergence of civiliza- 
tion, aS marked by the beginning of city life, metal- 
lurgy (bronze is rarely found in late Lungshan), writ- 
ing, and excellent art. This corresponds approximately 
to the Shang dynasty (1750-1150 B.c.), which overthrew 
the dynasty traditionally considered the first, Xia (Hsia). 
The Shang dynasty was centered in Honan, but their 
power extended to much of northern China. The center 
of a Shang City had a wall of pounded earth and was 
inhabited by the aristocracy. Outside of it were industries 
and farmers’ houses. 

The end of the Shang dynasty came around 1120 B.c. 
at the hands of the Chou, the next dynasty, which reigned 
for about nine centuries. The Chou established a long- 
lasting feudal system. They successfully fought the no- 
mads of the north and, at least for some centuries, guar- 
anteed stability. Cast iron appeared for the first time in 
the capital, Shensi. 

During this period, wheat started replacing millet in 
importance, and rice was spread to the north by the de- 
velopment of techniques of dry cultivation. Soybeans ac- 
quired great importance, crop rotation and organic fertil- 
izers became common, and irrigation became necessary. 

Population increases were presumably the major stim- 
ulus to technical improvements in agriculture. With the 
end of the feudal system, farmers started becoming own- 
ers of the land, paying tax in proportion to the land 
owned. Furthermore, merchants and artisans became in- 
dependent of the lords. A new elite class emerged from 
the old aristocracy, providing administrators, teachers, 
and philosophers: among them was Confucius (551-479 
B.C.), whose teaching was very influential in reshaping 
Chinese society and civilization. 

In the fifth to third centuries B.c. (the period of the 
warring states), northern China was divided into a num- 
ber of states in constant battle. The most western of these 
was controlled by the Qin dynasty. Extensive reforms 
generated power and wealth; the nobility was deprived 
of its privileges, and a new taxation system that favored 
the nuclear family, and thereby caused the breakdown 
of the traditional extended family, encouraged farmers 
to settle in Qin from neighboring states, or to migrate to 
new places. Eventually, Qin was successful in unifying 
almost all of China (221 B.c.). In order to strengthen the 
north against invasions of Mongolian nomads, the first 
Qin emperor built the Great Wall, but the dynasty did 
not survive the impact of the Mongols. Revolt soon re- 
stored power (202 B.c.) to the hands of the Han Chinese 
dynasty, which lasted until A.p. 220. Many technological 
advances were already well developed by this time. Cast 
iron, the ox-drawn plow, irrigation systems like pedal- 
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operated chains of buckets or water-driven wheels, the 
opening of canals and a road system, and coinage (disks 
with holes appeared in 300 B.c.) were among the many 
innovations that enriched Chinese life before the Han 
dynasty. 

After the end of the Han dynasty, three regional king- 
doms arose. The northern one was exposed to war- 
fare and aggression from the Turkic Hsiung-nu, Mon- 
gol tribes, and Tibetans. The north, which until then 
had been the most prosperous part of China, underwent 
progressive depopulation: from having three quarters of 
the people of China it decreased to less than half in the 
tenth century. Often northern tribal chiefs took power, 
and important northern Chinese families became related 
to Turkic chieftains from the steppes. 

In the sixth century, the royal house of Sui reunited 
China and reconstructed the Great Wall; a related dy- 
nasty, the T’ang, had to fight Tibetans and the Turkic 
Uighurs. These were nomads who succeeded Turks in 
the steppes but were driven out by the Kirghiz, finally 
settling in the northwest of the modern Chinese territory 
(Xinjang). The capital at that time, Qang-an, approached 
a million people, but was destroyed in the rebellions of 
the ninth century. Power was largely decentralized. 

At the end of the tenth century, the Sung dynasty took 
over and brought prosperity, except to the north, which 
eventually fell to the Mongols. Genghis Khan conquered 
the north at the beginning of the thirteenth century, and 
his grandson, Kublai Khan, conquered all of China, es- 
tablishing a Mongol dynasty. This was the time of Marco 
Polo’s travel to China and of the first semiofficial con- 
tacts between West and East. 

In Mongol China, four classes were established (in or- 
der of importance and privileges): (1) the restricted Mon- 
gol elite; (2) Turks, Near Eastern Moslems, and other 
confederates of the Mongols; (3) Han, the northern Chi- 
nese; and (4) the southern Chinese, who were considered 
the “southern barbarians.” 

In the middle fourteenth century, the Ming rebelled 
against the Mongols and were successful in driving them 
out. They established a new dynasty that favored the 
repopulation of the north by colonists from the Yang- 
tze and by soldiers with their families. American crops 
were introduced in the sixteenth century (maize, sweet 
potatoes, peanuts). 

Beijing had become the capital under Mongol rule; 
the Ming dynasty first moved the capital to Nanking, 
then returned it to Beijing. They forbade private slavery 
and restored independent ownership of the land by the 
farmer, breaking up the great land estates. In the seven- 
teenth century, the Ming dynasty lost to the Ching, a dy- 
nasty originating from nomadic tribes of Manchuria that 
had already founded a Chinese dynasty several centuries 
before. The Ching dynasty lasted into the present cen- 
tury. It still had to fight nomads from the north and was 
successful in destroying the Dzungars (a tribe in western 
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Mongolia). It established good relations with Tibetans 
and Mongols. 


4.4.c. POPULATION NUMBERS IN CHINA 


In the middle of the Han period, around a.p. |, the 
Chinese population, in an area similar to the present one, 
was close to 60 million. This number, the result of an 
official census, was probably an underestimate because 
there were advantages in not being counted. Eight hun- 
dred years before, there were about 14 million. In the 
first millennium A.D., the north was largely depopulated 
as a consequence of invasions of northern nomads, and 
part of the population migrated to southern China. Pop- 
ulation numbers remained around the 60 million figure 
for a long time (with ups and downs), but started grow- 
ing with regularity in the sixteenth century, reaching 200 
million in 1760, 300 million shortly before 1800, 500 
million at the beginning of 1900, and one billion in 1982 
(Murphy 1969). 


4.4.d. TIBET 


Tibetans occupy a high plateau surrounded by very 
high mountains. A homogeneous group from the point 
of view of linguistics and religion, they have received 
contributions to their ethnic background from various 
neighbors to the southwest, southeast, and north. North- 
ern contributions may have been the most important, 
given their present genetic similarity to northern Chinese 
(see sec. 4.12). Tibetans were, and still are to a large 
extent, pastoral nomads. We owe to professor Du Ruofu 


of Academia Sinica, Beiing the following summary of 
prehistorical and historical knowledge on the origin of 
Tibetans. There is evidence of human habitation as old as 
4000-5000 years ago. “Aboriginal” groups called “Bo” 
raised yaks and lived in Shannan (South of the Mountain) 
when the X1-Qiang migrated to Tibet from the northeast. 
The earliest record about the Xi-Qiang is in Hou Han 
Shu (Later Han annals, early fifth century a.p.) and tells 
of the migration of one tribe of this group toward the 
south and then to the west for several thousand li (1 hi 
= 0.5 km), after crossing the Si Zhi River (the segment 
of today’s Yellow River in Qiang-hai province). The Xin 
Tang Shu (New Tang Annals, eleventh century A.D.) re- 
port on the Xi Qiang, who lived in the area bounded by 
the Yellow River, the Huang Shui, the Yangtze River, 
and the Min Shan mountains. They did not communi- 
cate with China, living west of the Si Zhi river. The 
ancestor of the Xi Chiang had the name Gu Ti Bo Xi 
Ye, and the name Bo reappears repeatedly in his descen- 
dants. 

A Tibetan kingdom entered the historical record in the 
sixth century A.D. and dissolved in the ninth century. 
Apart from a period in which it was under Mongol rule, 
the country was often under the local control of feu- 
dal lords, with the Buddhist religion assuming more and 
more importance in politics until the recent annexation 
of Tibet by China. 

For a more extensive general introduction to the main 
topics treated in this section, see chapters 21, 23, 37, 
and 41 in the Cambridge Encyclopedia of Archaeology 
(Sherratt 1980). They have been a partial source of in- 
formation for us and contain further references. 


4.5. PREHISTORY AND HISTORY IN SOUTHEAST ASIA 


4.5.a. PALEOANTHROPOLOGY 


East Asia and Southeast Asia were the seats of de- 
velopment of some of the most primitive hominids, 
belonging to Homo erectus according to one of the 
current paleoanthropological classifications. Several 
specimens in China, including Peking man (from the 
lower cave at Zhoukoudian near Beijing) and the Jetis 
specimens from Java, are rather archaic; other samples 
of H. erectus in Java are younger. In the line lead- 
ing to modern humans, there are only the remains of 
Solo River at Ngandong, Java, which, according to 
some paleoanthropologists, dated at 60-100 kya. Others 
have expressed very different opinions, considering Solo 
much older and perhaps belonging to a different species 
or subspecies or H. sapiens soloensis (Bellwood 1979). 

What is the connection between modern humans in 
Southeast Asia and H. erectus? This unsolved question 
has had very different answers. Weidenreich (1945), fol- 


lowed by Coon (1963), suggested a direct line of in- 
heritance, but others view replacement by modern hu- 
mans coming from the Middle East as more satisfactory. 
Still others suggest partial continuity rather than replace- 
ment. The main support is not so much from human fos- 
sils but from the persistence of stone technology. There 
is a claim of a Mongoloid/Australoid north-south cline 
at a later time, during the Neolithic, (Bellwood 1979), 
with the Mongoloid component resulting from expansion 
from northern China, and the Australoid one represent- 
ing remnants of the population that had earlier expanded 
to Oceania, with darker skin and frizzy hair. But the 
evidence is little more than anecdotal. 

For an understanding of the early developments of 
modern humans in Southeast Asia, it is essential to 
remember that the islands now forming the insular part 
of Southeast Asia, belonging to Indonesia, Borneo, and 
the Philippines, were all connected with each other and 
with the Asian Mainland around 100 kya. In the middle 
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Fig. 4.5.1 The coastline in Southeast Asia at about 
18,000 years p.p (Glover 1980; Freeman 1980; Thorne 
1980). 


of the last glacial period (18 kya) Borneo, Indonesia, and 
the mainland were all connected, with the Philippines 
forming one big island (fig. 4.5.1). From 18,000 to 5000 
B.P. the land was reduced considerably, to about 60% of 
the initial area. The present coast lines may have been 
formed between 7000 and 5000 B.P 


4.5.b. TERMINAL PALEOLITHIC AND EARLY 
NEOLITHIC 


In spite of a land connection at different times, main- 
land and insular Southeast Asia show two different 
groups of cultures. 

1. On the mainland and northern Sumatra (the largest 
Indonesian island) is a technological complex known as 
the Hoabinhian, from the first description of finds made 
in the province of Hoa-Binh, southwest of Hanoi (Viet- 
nam). The Hoabinhian extends over a very large area, 
from southern China (as far north as the middle Yangtze) 
to all of Southeast Asia, and northeastern Sumatra. 

The Hoabinhian is characterized by a pebble-and-flake 
tool industry that typically dates from the period 11 ,O00- 
2000 B.c., but may perhaps represent the evolution of 
earlier local forms. Most sites are close to streams. One 
of the most interesting sites, Spirit Cave, is in northwest- 
ern Thailand. Until about 6800 B.c., there were people 
living on a foraging economy with a great variety of 
animals and plants; after this date, one finds ceramics 
(cord-marked and incised pottery), knives, and a differ- 
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ent type of adze, which may indicate the emergence or 
arrival of a farming culture but for which strong evidence 
is still lacking. Other sites have shown perhaps stronger 
evidence of hill rice agriculture, domestic cattle, and a 
sedentary life-style around 4500 B.c. 

2. Island Southeast Asia began separating geograph- 
ically from the mainland between 14 and 10 kya. At 
that time, the Hoabinhian cultures were flourishing on 
mainland Southeast Asia, and the islands had flake in- 
dustries with some variation between Java, Borneo, and 
the Philippines. Several archaeological sequences lasting 
for long periods are found at Niah Cave in Borneo and 
Taban Cave in Palawan, a long, narrow island between 
Borneo and the Philippines. In general, the appearance 
of ceramics and of food production is late, especially in 
these two caves (Bayard 1980; Glover 1980). 


4.5.c. LATE NEOLITHIC AND BRONZE AGE 


The Neolithic period has not been well studied, but 
one can cite several unexpected findings, such as the 
early appearance of metallurgy. Two major sites in north- 
east Thailand (Ban Chiang and Non Nok Tha) have 
shown a somewhat similar development, both beginning 
around 4500 B.c. and including in their earliest layers 
early rice cultivation (from indirect cues) and cast bronze 
ornaments. In Ban Chiang, water buffalo and wet rice 
cultivation seem to appear around 2000 B.c., as does 
iron, which is found here earlier than in China. A little 
before 1000 B.c. the introduction of iron tools and of 
water buffaloes for plowing allowed a population to set- 
tle in the alluvial plains of the Red and Mekong rivers. 
While this was happening in some areas, life on most of 
the hills seemed to continue with the same late foraging 
economies; in fact, some of them continue today, like 
that of the Negritos (see sec. 4.9) and many other forag- 
ing cultures on the mainland and in the islands (Bayard 
1980). 

The spread of bronze and iron to the islands of South- 
east Asia took place in the period between 1000 and 1 
B.C.; rice cultivation spread late to the islands, and its 
diffusion is not complete even today. 


4.5.d. FOREST EMPIRES 


Paradoxes are numerous in the late development of 
Southeast Asia, if one compares it with the familiar suc- 
cession of events in other civilizations. In the bronze age 
there was already a remarkable contrast between two cul- 
tures. On one side, sophisticated farming communities of 
the alluvial plains, which developed into urban cultures, 
were responsible for the early development of metallurgy 
and showed considerable interest in bronze art objects. 
Other areas were inhabited by isolated tribal commu- 
nities that took a very long time to abandon primitive 
tools, techniques, and economies; today several groups 
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are still foragers or slash-and-burn farmers. The tropi- 
cal forest environment must somehow have contributed 
to this dualism in development. There was no lack of 
contact between the different cultures; on the contrary, 
there were and continued to be exchanges with probably 
mutual advantage (Presland 1980). A similar separation 
between tribal and urban cultures, with side-by-side sur- 
vival, is also observed in India, with limited commercial 
but practically no technological exchange. 

Another surprise is the lateness of development of ur- 
ban civilizations in Southeast Asia, in spite of early lo- 
cal developments of metallurgy and signs of exchange 
with external civilizations by sea routes as early as 2000 
years ago. Rome was a good market for many Southeast 
Asian forest products (spices, etc.), and archaeological 


evidence points to Roman trade centers in India, Malay, 


Sumatra, and Vietnam, and to exchange with India and 
China. 

The earliest urban developments of the area are in 
northern Vietnam, where they may date from the third 
century B.c.; they were certainly influenced by the Chi- 
nese conquest under the Han dynasty. By the sixth to 
eighth centuries, there is evidence of towns and cities 
appearing in good numbers in Thailand, Burma, Cambo- 
dia, and Java. These population centers were not under 
Chinese, but Indian influence, beginning around 400- 
500 A.D., which explains why the monumental architec- 
ture that started flourishing after the seventh century in 
many different parts of Southeast Asia is clearly remi- 
niscent of Indian art. The major center was in Angkor, 
Cambodia, which was almost entirely covered by the for- 
est when it was discovered after French colonization in 
the last century. Angkor became the capital of the Khmer 
empire in the ninth century A.D. and was destroyed by 


4.6. PREHISTORY AND HISTORY IN SOUTH ASIA 


There is a dearth of archaeological information about 
South India; a summary of archaeological dates is given 
by Dutta (1984). Mesolithic cultures are found from 
about 10 kya. The origin of agriculture in India is ob- 
scure (Vishnu-Mittre 1977). There are claims of animal 
domestication in central India in 5500 B.c., without con- 
comitant agriculture. As explained in more detail in the 
next subsection, wheat, barley, and millet entered the 
area from the west, and an important agricultural civi- 
lization (Harappan) flourished in the Indus Valley. Rice 
may have been an original crop in the Gangetic plains, 
where it rapidly became successful; it later spread to the 
south, arriving in Maharashtra around 3500 years ago 
and in Tamil Nadu and Karnataka 500 years later. The 
geography of Indian provinces and the distribution of 
modern tribal Indians are shown in figure 4.6.1. 


Thai armies in the fifteenth century. Other major archi- 
tectural developments patterned on the Indian model oc- 
curred in Burma and Java. 


4.5.e. TRIBAL GROUPS 


Hunter-gatherers still persist in the forests of the 
mountains and hills, for example, the Senoi of the Malay 
peninsula. There are also slash-and-burn agriculturists 
like the Semai. Sumatran groups like the Kabu (Mamak 
and others) alternate between seasons of hunting- 
gathering and of harvesting crops planted before leaving 
for the hunt. In the Philippines, the Tasaday were said to 
be still using stone tools, but doubts on the authenticity 
of these findings have been voiced. Other highly isolated 
groups also exist (Presland 1980). 

Negritos are small, dark-skinned, frizzy-haired forest 
dwellers, usually living in isolates scattered throughout 
Southeast Asia (see sec. 4.9). The Semang of Malay are 
considered Negritos and, together with the aborigines of 
the Andaman Islands, they have extremely frizzy hair. 
They also have a relatively high frequency of Mongoloid 
inner epicanthic eyefold (Bowels 1977). Agta are scat- 
tered Philippine Negritos; the word Agta means “black” 
(Presland 1980). They are hunter-gatherers and part- 
time slash-and-burn farmers; their trade relations with 
neighbors are similar to those of African Pygmies and 
other forest dwellers. Some groups are highly accultur- 
ated. 

For a more extensive general introduction to the main 
topics treated in this section, see chapters 40 and 42 in 
the Cambridge Encyclopedia of Archaeology (Sherratt 
1980). They have been a partial source of information 
for us and contain further references. 


A multivariate analysis of prehistoric South Asian cra- 
nia (Kennedy et al. 1984) showed three clusters. A ma- 
jor cluster includes upper Paleolithic skulls from Europe 
and all hunting-gathering populations of South Asia. A 
sharply delimited cluster includes all Harappan skulls of 
the mature period. A smaller cluster, somewhat inter- 
mediate between the two just mentioned, includes skulls 
from late foraging or from agricultural communities from 
central and southern India. 


4.6.a. THE NEOLITHIC AND THE INDUS 
CIVILIZATION 


The Indus Valley was the scene of urban developments 
that were not as early as those of Mesopotamia, but still 
retain an indigenous flavor despite some testimony to 
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trade between the two cultures. The exploitation of the 
floods of the Indus River, which deposit alluvial silt, 
made it easy to cultivate wheat and barley without need 
of manuring and irrigating or even plowing (although 
a plow was probably known to the Harappans). Other 
domesticated plants found include cotton, leguminous 
plants, rice (not necessarily cultivated), and many oth- 
ers. Cattle, goats, sheep, buffalo, the Indian pig, camel, 
donkey, dog, and cat were domesticated. Terra cotta 
models show the existence of carts for transport (prob- 
ably in addition to pack-transport); carts with wooden 
wheels practically identical to those seen in Harappan 
models are still in use in the Indus Valley today. Copper 
and bronze were extensively used for tools and orna- 
ments, and most of the pots were wheel-turned. Many 
seals were found, which carry short inscriptions, proba- 
bly in a syllabic alphabet. 

The most important city was Moenjodaro, which, at its 
peak, may have had 40,000 inhabitants or more (cited in 
Chakraborti 1980). The name of the civilization comes 
from the second largest city, Harappa. There are over 
200 known sites between 2300 and 1750 B.c. (see fig. 
4.6.2). 

This complex civilization did not mushroom unexpect- 
edly. There was a long period of in situ development 
that seems to have led directly to the Indus culture. Both 
at the lowest levels of Harappan cities and at other sites, 
a pre-Harappan culture was found that seems to antedate 
in many respects the mature Harappan culture. Among 
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Fig. 4.6.1 The provinces of India with approxi- 
mate local densities (km?) of tribals (people who 
are outside the caste system). Highest densities 
are around 100 tribals per km? (Vidyarthi and Rai 
1985). 


the pre-Harappan sites, Amri is dated to 3320-3600 B.c. 
(two corrected radiocarbon dates from the middle level; 
Du et al. 1991); Kot-Diji has upper and lower levels of 
3155 and 2599 B.c. and has pottery that is identical to 
that of the early levels of Moenjodaro. 
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Fig. 4.6.2 Map of India and Pakistan with primary early 
Neolithic sites (Chakraborti 1980). 
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The anthropology of Harappan skeletons has shown 
a substantial similarity with modern populations from a 
nearby area, as well as with an ancient series from Iran 
and one Egyptian population (less similarity, however, 
with other Egyptian populations; Dutta 1984). 

The Harappan civilization disappeared between 1750 
and 1500 B.c. Disappearance was ascribed some time 
ago to the Aryan conquest. The word “Aryan” indicates 
pastoral nomads from Central Asia but is probably a mis- 
nomer; it does not seem to refer to an original popula- 
tion, but it means noble, from the upper castes, or even 
foreigner. It probably reflects the social condition of pas- 
toral nomads after they arrived in the Indus Valley from 
the north and established their authority over the Harap- 
pan farming community. There is no clear evidence of 
violence, however, and some suggest that the decay of 
the Harappan culture was due to a disaster—like a sud- 
den major flood, or a change in the course of the Indus 
river (a not infrequent event)—responsible for diverting 
the necessary flood waters from the agricultural lands. 
A new explanation of the disappearance of the Harap- 
pan urban centers has been recently suggested by evi- 
dence derived from satellite photography, showing that 
the Saraswati River dried up when the continuing uplift 
of the Himalayas caused a shift of rivers, one of which— 
the Yamuna, originally a tributary of the Indus—shifted 
eastward to join the Ganges. The ensuing aridity is also 
documented by paleobotanical information (see Gadgil 
and Thapar 1990 and references therein). 

In agreement with the indigenist trend in Anglo- 
American archaeology, it has been suggested that the 
Aryan migration is a total invention (see Shaffer 1984). 
However, as briefly discussed in section 4.3, events in 
the Neolithic cultures of Turkmenia, northwest of the In- 
dus Valley, are well explained by assuming a migration 
of pastoral nomads from the north at about the same 
time; the end here was also not abrupt or violent. Link- 
ing the two series of events in Turkmenia and the In- 
dus Valley, it seems very likely that both were due to 
the takeover of power by Aryan pastoral nomads who 
came from the steppes of Central Asia, spoke an Indo- 
European language, and used iron and horses (Masson 
and Sarianidi 1972). More about their origin was given 
in section 4.3. A possible archaeological marker of the 
first arrival of Aryan people is Painted Grey Ware (Tha- 
par 1980). The events accompanying the arrival of the 
Aryan pastoral nomads from the oases of Central Asia 
are probably better described as a migration rather than 
a conquest or invasion, but pastoral nomads clearly in- 
troduced a social stratification and segmentation of all 
India based on religion and politics, in which they took 
the upper classes. 

The Harappan civilization probably did not disappear 
completely but is likely to have contributed to the devel- 
opment of modern Indian culture. Shorty after the end 
of the mature Harappan phase, several regional cultures 


arose, sometimes called post-Harappan. In any case, the 
Harappans were socially, culturally, and probably lin- 
guistically, different from the Aryans, who made a major 
contribution to the new culture. It is difficult to attribute 
an exact date to the Aryan takeover. Most information 
comes from the Vedic literature, the oldest texts written 
in Sanskrit, which are still the heart of modern Indian 
civilization. The social restructuring that took place with 
the Aryan invasion involved the creation of a strictly 
Stratified society that still exists (castes) and contrasts 
sharply with the apparent absence of class stratification 
or structure in Harappan society. The Aryans of the early 
Vedic texts (the Rig Veda) were largely pastoral, and the 
horse and iron were important components of their mil- 
itary strength. 

The earliest Vedic texts refer to an area that is geo- 
graphically included in the Indus system. The post- 
Harappan culture found here, characterized by a new 
type of pottery (Painted Grey Ware), is associated with 
the first appearance of iron, the domestic horse (Lal 
1954; Thapar 1980), and a mixed pastoral and agrarian 
economy. The Painted Grey Ware culture later spread to 
the Gangetic region and with it appears also social strati- 
fication, in agreement with the idea of an Aryan eastward 
expansion. 


4.6.b. INDIA 


India has a population almost as large as that of China 
and is currently multiplying faster than China. A map of 
Indian states is shown in figure 4.6.1. 

A northern Neolithic culture is found in the Vale of 
Kashmir (Burzahom, 3000-1600 B.c., fig. 4.6.2), with 
stone tools showing affinities with China (Chakraborti 
1980). In the third and second millennium B.c. south 
of Maharashtra, there are sites like Brahmagiri and sev- 
eral others that indicate a prevalence of pastoralism over 
farming. Ahar in southeast Rajasthan is the oldest and 
largest of a number of nearby cultures of settled farm- 
ers who adopted copper at an early time. Iron is first 
found in the Indus Valley, then in the first millennium in 
the upper Gangetic valley (associated with Painted Grey 
Ware). In the southern part of India, iron is often asso- 
ciated with megalithic monuments (usually stone tombs 
like dolmens etc., that are also found in northern Europe, 
the Mediterranean area, and Japan). No simple connec- 
tion has been established between very remote reappear- 
ances of megalithic monuments, and coincidence is not 
excluded. 

In the middle of the first millennium B.c., a number of 
kingdoms and republics (i.e., confederations of tribes) 
existed in India. Fifteen states were listed in Buddhist 
scripts of the times. The successful campaign of Alexan- 
der the Great (325 B.c.) had a profound influence on Iran, 
Afghanistan, and northwestern Pakistan, with the cre- 
ation of Greek-style cities and the diffusion of Greek 


art. The establishment of the Mauryan empire in India 
followed shortly thereafter and was responsible for the 
first unification of almost all India (except the extreme 
south); this empire lasted a hundred years and included 
most of South Asia. It marked the entrance of India into 
history (Thapar 1980). 

At the end of the Mauryan rule, several small king- 
doms arose and various external invasions are on record, 
by Indo-Greek rulers (from Bactria, Iran) and by Scythi- 
ans (the Sacas, who settled in western India). The caste 
system (see below) was sufficiently rigid that there were 
problems in accepting foreign individuals because they 
could not be fitted into any endogamous group or into 
the hierarchy dictated by the Hindu religion. Entire for- 
eign groups were somewhat easier to fit into the social 
structure as new castes. In the fourth to sixth century 
A.D., northern India was under the rule of the Guptas, a 
dynasty that was able to check an invasion of a Turkic 
group, the White Huns, from the northwest. The White 
Huns gave rise to migrations from Middle Asia west to 
the Volga and Europe, and southward, to Iran and north- 
ern India. After a rapid but largely unsuccessful cam- 
paign as far as Madhya Pradesh, the Huns established a 
short-lived reign in Kashmir. Other invaders included the 
Gurjaras, supposedly from the Kazars of Central Asia. 
Some Rajput dynasties may have had Central Asian ori- 
gins. An Arab invasion took place between the seventh 
and the eighth centuries, via Kabul, but was only tem- 
porarily successful. Turks were active in northern In- 
dia in the eleventh century and later. In the late twelfth 
century, a Turkish dynasty from Ghazni in Afghanistan 
occupied the Punjab. Rival Moslem Turks from Ghur 
were able to take power both in Afghanistan and north- 
ern India and conquered the Gangetic plain, establishing 
a sultanate that was for a while the most powerful state 
in northern India. Timur’s invasion in 1398 left northern 
India without a strong ruler for some time. 

When the sultanate of Delhi was in power, Moslem 
rule was not imposed in any rigid way. A descendant of 
Timur, Babur, who also originated from Genghis Khan 
through his mother, was able to conquer first the Punjab, 
then Delhi and the whole of northern India. He founded 
the Mogul empire, which lasted for 250 years, until the 
second part of the eighteenth century. The Mogul rulers 
were not rigid in applying Moslem rules, and the third 
emperor, Akbar, established religious freedom. 

Europeans settled in India, beginning with the Por- 
tuguese, in the early sixteenth century. With a very 
small metropolitan population, the Portuguese had to 
man fortresses and ports in many areas of the globe. 
Perhaps for this reason they traditionally encouraged, 
in India as elsewhere, marriage with local women, a 
practice that has continued to this day, but was usu- 
ally discouraged by other European colonizers. Goa was 
their base in India, and a mixed Portuguese-Indian popu- 
lation (of Roman Catholic religion) was thus established. 
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The Dutch, British, and French also participated in the 
colonial effort. The competition between the French and 
English was resolved in favor of the latter, and in the 
course of the late eighteenth and nineteenth centuries the 
British acquired political control of India, which lasted 
until independence (1947). 


-4.6.c. CASTES 


Most of India has a unique social system, castes, most 
probably introduced by the Aryan conquerors. Since it 
is of considerable importance from the genetic point of 
view, we give a short summary of the history and devel- 
opment of the caste system, leaving genetic details for 
section 4.14. 

According to the Greek historian Megasthenes, in 
what is perhaps the oldest historical mention of castes, 
seven endogamous castes defined hereditary professions 
in the third century B.c.: priests (“philosophers’’), farm- 
ers, herdsmen, soldiers, magistrates, councilors, and ar- 
tisans. The latter three lived mostly in towns. 

Castes are endogamous groups conveying a series of 
other obligations. Belonging to a caste implies strict 
transmission not only of caste, but also of profession; 
purity of caste is essential, and violation of the en- 
dogamy rule involves pollution and punishment, usu- 
ally by degradation of the culprits to a lower caste. The 
hierarchical order of castes and occupations is basic to 
Indian society and is fixed by religion; it is not the same 
but is similar in all states. All over India the highest 
caste is that of Brahmins. Two concepts indicating caste 
are jati (endogamous social strata as defined below) and 
the four varnas (castes in a more general, wider mean- 
ing), the origin of which is described in a late hymn 
of the Rig Veda. The hymn says that the four varnas 
arose from parts of the god Prajapati: from the mouth, 
Brahmins (who possess Brahma, magic or divine knowIl- 
edge; these were the priests), from the arms, Ksathriyas 
(who possess Ksatra, power or sovereignty; these were 
the aristocracy, owning the land and playing the role of 
military leaders), from the thighs, Vaysyas (from vis, 
the settlement; these were businessmen, subservient to 
the higher castes), and from the feet, Sudras (a word of 
unclear origin; they are probably non-Aryan cultivators). 

Until recently little was known about the numbers of 
the caste system, for lack of a proper survey. A govern- 
mental project called “People of India” has started such 
a survey that is now near completion; it will eventually 
be published in many volumes over a period of 20 years. 
The following information originates from a paper given 
by Sri K. S. Singh, director general of the Anthropo- 
logical Survey of India, at a February 1991 meeting at 
the Bangalore Indian Institute of Science. The survey is 
based on a sample of 4400 communities (endogamous seg- 
ments in which Indian society is stratified, which are de- 
fined geographically, professionally, and occupy a specific 
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echelon in the social hierarchy fixed by religion). They 
all have a specified territory, which is usually fairly 
small; 96% of these communities live within the bound- 
aries of one state, giving an indication of their geo- 
graphic limitation. Eighty percent take their name from 
a specific occupation, which is passed from father to 
son, stressing the importance of professional stratifica- 
tion. Occupations are closely related to resources avail- 
able. Of the communities, 87% are strictly endogamous; 
others have different rules, and 5% in particular follow 
hypergamy, whereby a woman is allowed to marry in a 
caste higher than that to which she belongs by birth. 

Today an increasing proportion of marriages take place 
without regard to the caste system, especially in large 
cities; but in rural India the system is still largely un- 
challenged. The total number of endogamous commu- 
nities today is around 43,000, and was on the order of 
75,000 at its peak. The average number of members in a 
community is several thousand individuals. A caste can 
be made of exogamous lineages (gotra), within which 
marriage is forbidden, to avoid excessive inbreeding. 
Caste is, however, a slightly ambiguous term, meaning 
both varna and jati: the endogamous community defined 
in hierarchical, professional and geographic terms corre- 
sponds to the jati. 


4.6.d. TRIBALS 


Not all the Indian population is organized in castes. 
Moslems are outside the caste system, which is defined 
by the Hindu religion. Foreign minorities, even if they 
have lived in India for a long time, are not tied to the 
system, but their acceptance as a group has been made 
easier by their belonging to a group large enough that it 
can be endogamous and thus does not disturb or threaten 
the endogamy of traditional Hindu castes. 

Tribes living in isolated areas have not been given 
caste status, and the people are referred to as “tribals.” 
They ordinarily live outside towns, though not necessar- 
ily far from them; their economies range from foraging to 
slash-and-burn cultivation and more sophisticated farm- 
ing. Tribals are generally aboriginal groups who have not 
been absorbed in the caste system imposed by Aryans 
(Vidyarthi 1983). 

While some tribal groups like Bhils and Gonds in 
the central province of India are farmers who use plow- 
ing, many small groups are still hunters-gatherers, like 
the Malapandaram in the extreme south of India, the 
Chenchu from Andhra Pradesh, and the Veddas of Cey- 
lon. Other forest-dwelling tribals who practice simple 
farming techniques, essentially slash-and-burn agricul- 
ture, live in Andhra Pradesh and supplement their diet 
with wild plants. The geographic distribution of tribals 
is shown in figure 4.6.1 (Vidyarthi and Rai 1985). 

The official designation of tribals is “scheduled 
tribes.” In the 1971 census (Vidyarthi 1983), the total 


number of individuals thus designated was 38 million (or 
7% of the population). In that census, 427 tribes were 
listed, 6 of which (the Gonds of Madhya Pradesh, Ma- 
harashtra, and Andhra Pradesh; the Bhils of Rajasthan, 
Gujarat, Maharash-tra, and Madhyia Pradesh; the San- 
thals of Bihar, Orissa, and West Bengal; the Minas of 
Rajasthan; and the Mundaris and the Oraons of Bihar) 
had populations of more than one million individuals. 
At the other extreme, there are many very small tribes: 
the most interesting Andamanese tribe was made of 96 
individuals at the latest count (1990). Recent informa- 
tion on aboriginal inhabitants of the Andaman islands is 
given below. 

A subdivision of tribal groups taking into account a 
number of factors (geographic, social, etc.) finds four 
groupings (Vidyarthi 1983). 


1. The Himalayan region (4.7 million or 12.5% of tribal 
India and 45% of the people in the region) includes the 
northeastern (Assam, Meghalaya, the mountainous region 
of West Bengal), central (Uttar Pradesh), and northwest- 
ern (Himachal Pradesh) Himalayan regions. 

2. Middle India (21 million or 55% of the tribal population, 
14% of the people in the region) includes Bihar, West 
Bengal, Orissa, and Madhya Pradesh. 

3. Western India (10 million or 26% of the tribal population 
and 27% of the people in the region), includes Rahjasthan, 
Maharashtra, and Gujarat. 

4. South India (2.5 million or 6% of the tribal population 
and 1.7% of people in the region) includes Karnataka, 
Andhra Pradesh, Tamil Nadu, and Kerala. 


In the most eastern islands under Indian jurisdiction, 
the Andaman and Nicobar islands, most inhabitants are 
acculturated and of recent foreign origin, but there still 
survive —especially in the Andamans—a few very small 
tribes of hunter-gatherers, classified as Negritos. The 
Andaman Islands remained free of external influence 
until very recently, in part, because of the fierce and 
usually uncompromising customs of some of their ab- 
origines toward all foreigners. Last-century contacts of 
the British with the Andamanese gave rise to extremely 
bloody confrontations. Of the four Andamanese groups 
the only one that accepted a peaceful contact at the be- 
ginning, the Ariotos of the Great Andaman, was rapidly 
destroyed by disease and alcoholism. Today, only 29 
survive of perhaps 3500 that lived at the establishment 
of the Port Blair Penal settlkement in 1858. The other 
three groups are also much reduced in numbers, but they 
were in contact with outsiders for a shorter time, and the 
Indian government is trying to be helpful toward them. 
They are the Jarawa on South and Middle Andaman, the 
Onge on Little Andaman, and a third group on Sentinel 
Island. In 1952 the Onge were the first of the three to 
accept an anthropologist for a long term, and there is 
an excellent report of that investigation (Cipriani 1966). 
The Jarawa were first visited in 1974, and the Sentinel 
islanders accepted contact for the first time in January 


1991. There are about 200 Jarawa alive, 96 Onge, and 
perhaps 80 Sentinellese. They speak mutually unintelli- 
gible but related languages of the Indo-Pacific family. At 
least the Jarawa and Onge have very low fertility, possi- 
bly because of extreme inbreeding. Physically they have 
small stature, very dark skin, and peppercorn hair; the 
women have fairly high steatopygia. The most interest- 
ing aspect of the Andamanese is that they probably had 
the least admixture compared with other Negritoes, and 
perhaps represent relics of the human bridge that may 
have existed, perhaps 60 or 70 kya, between Africa and 
Australia. The few genetic data available show remark- 
able genetic homogeneity for 11 red-cell and enzyme 
proteins, according to a report by Pandit and Chatto- 
padhayay (1991). A complete genetic investigation of 
these groups with modern techniques 1s very important, 
since they are probably the most interesting Negrito 
population, have undergone the least admixture, and 
are rapidly disappearing. The tendency to homogeneity 
is obviously a consequence of strong drift, but if very 
many genes are tested, especially from highly poly- 
morphic systems, the information collected may still 
be useful and may determine whether these populations 
represent a missing link between Africa and Australia. 
Geographically the Andaman Islands belong to South- 
east Asia, but politically to India. Other tribals in the 
Indian subcontinent have characters (mostly hair and 
facial traits) vaguely resembling either Africans or Aus- 
tralians. The information is extremely vague, and most 
probably these populations are highly mixed with other 
Indian ethnic groups. In some cases, there may have 
been recent admixture with Africans (e.g., among the 
Kadar of Kerala; Saha et al. 1974). Careful collabora- 
tions between Bombay and Canberra (e.g., Saha et al. 
1974, 1976; Ghosh et al. 1977), in which R. L. Kirk 
tested a high number of protein markers, failed to find 
any close, uncontaminated resemblance of these tribals 
with Africans or Australians. However, a number of 
other tribes in many parts of India are potentially inter- 
esting for identifying pre-Dravidian features. Dravidian 
refers to languages spoken especially in southern India, 
but also farther north, that are believed to have once 
been spoken over a much larger area. They probably 
originated farther west and were suppressed in Iran and 
most of the northern and central Indian continent by 
Indo-European languages, whose speakers arrived later. 
Dravidian languages probably arrived first in Iran before 
moving to India with early farmers; it is unknown which 
languages were spoken before, but it seems reasonable to 


4.7. PREHISTORY AND HISTORY IN WEST ASIA 


There are differences in the definitions of the expres- 
sions Levant, Middle East, Near East, and West Asia, 
which tend to indicate a progressively wider region, 
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assume that the people speaking pre-Dravidian languages 
in India shared some of the physical traits found in some 
Indian tribals, which show the least similarity with traits 
of the present inhabitants of the Indian continent. Among 
the most interesting pre-Dravidian people are the Vedda 
of Sri Lanka, a Negrito group now reduced to very small 
numbers and largely acculturated (they speak an Indo- 
European language). 

It is clear that Indian tribals form a large and heteroge- 
neous population, made up mostly of relic populations, 
but also of later arrivals that were never totally absorbed 
in the Indian culture. Among tribals, one sees all stages 
of acculturation, from groups accepting and in part prac- 
ticing Hindu customs, to groups who are positive toward 
them but do not practice them, and finally to others who 
are negative or indifferent. Linguistics is a partial help. 
Indo-European languages, which were the latest to ar- 
rive in India, are also perhaps the most common among 
tribals and are spreading rapidly. Dravidian languages, 
which were perhaps more common earlier, are limited 
to the southern and central-eastern subcontinent. The 
same linguistic picture is valid for the nontribals, with 
few exceptions. Two other linguistic families are spo- 
ken by tribals. In East Bengal and in the eastern Hima- 
laya region, Tibeto-Burman languages (of the Sino- 
Tibetan family) are the most common. Two groups of 
languages from the Austroasiatic family are spoken in 
different pockets of India: the Munda (both Santhals and 
Mundaris), in different regions of the strip separating 
the North from the peninsula, and the Mon-Khmer (the 
Khasi), in the northeast. Although they speak a language 
of eastern origin, the Munda’s physical appearance is not 
Oriental. 

There clearly were many lesser migrations, in addi- 
tion to the major ones believed to have brought Dra- 
vidian and Indo-European languages to South Asia. The 
endogamous caste system spread by Hinduism does not 
usually extend to tribals, who have had more free inter- 
marriage outside the caste system, but the great variety 
of the origins of tribals, of the environments they occupy, 
and of their customs and local adaptations have helped 
to keep South Asia very heterogeneous genetically. 

For a more extensive general introduction to the main 
topics treated in this section, see chapters 22 and 39 in 
the Cambridge Encyclopedia of Archaeology (Sherratt 
1980). They have been a partial source of information for 
us and contain further references. Gadgil and Thapar’s 
(1990) article is an excellent summary of the history of 
India seen from an ecological point of view. 


but there is little agreement in their usage. We use them 
somewhat interchangeably, reserving the name Levant 
for the Mediterranean region between Turkey and Egypt. 
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West Asia shows remains of both Homo sapiens nean- 
derthalensis and H. s. sapiens in many areas, and even 
side by side in the same caves—for example, in Mount 
Carmel, northern Israel—but the remains are probably 
from very different times. In section 2.1, we have sum- 
marized the present situation and, in particular, the dis- 
coveries in the Middle East and Africa of modern hu- 
man remains dated from approximately the same period, 
about 100 kya. 

For a long time the Middle East was tacitly considered 
the place where modern humans first appeared and from 
which they spread to other parts of the earth, probably 
as an extrapolation from biblical lore. In any case, since 
the Middle East is a region through which migrations 
between Africa and Asia probably took place, it would 
not be surprising if it played a central role in human 
evolution. 

In more recent times, at the end of the Paleolithic 
and the beginning of the Neolithic, the Middle East, 
along with East Asia and Central America, was a major 
area in which agriculture originated. Present knowledge 
indicates that it was also the first of these major nuclear 
areas, but the difference in the dates of inception for 
these three areas of origin keeps shrinking as information 
increases on the latter two, which are still somewhat less 
fully investigated than the Middle East. 


4.7.a. THE RISE OF AGRICULTURE IN THE 
NEAR EAST 


The development of plant and animal breeding had the 
most dramatic effects on population growth and expan- 
sion, and it is remarkable that it took place almost simul- 
taneously in different parts of the world, at the end of the 
Pleistocene and the beginning of the Holocene (see chap. 
2). The distances between these areas of origin were far 
too great for there to be a direct cultural influence among 
these centers. Moreover, plants and animals that were 
domesticated were available locally and were therefore 
quite different in different places. Long-distance trans- 
fer of domesticated animals and plants took place only 
much later. The three centers of the origin of agricul- 
ture each gave rise to one of the three crops that are the 
major staples today: wheat in the Middle East, rice in 
East Asia (perhaps also in Southeast and South Asia), 
and maize in Central America. Almost all important an- 
imals like cattle, sheep, goats, and pigs seem to have 
been domesticated first in the Middle East, but other ar- 
eas of origin are not excluded. The transition from the 
hunting-gathering economy to farming was never abrupt, 
and partial dependence on hunting-gathering continued 
for millennia, shrinking only very gradually. 

Adaptation to the use of wild cereals for food seems 
to have developed in a culture, the Natufian (14,000- 
11,000 B.c. in Israel; Sherratt 1980), that predates the 
later local farming economies. As the warmer climate 


at the end of the last glacial age favored the growth of 
grasses, the regions of the Middle East, Turkey, and Iran 
developed rich stands of wild cereals like wheat and bar- 
ley, progenitors of the modern cultivated varieties. Since 
these are rarely, if ever, found outside these regions, it 
is necessary to accept that cultivated wheats and bar- 
leys spread from this area of origin. Moreover, direct 
archaeological evidence shows that the cultivated vari- 
eties, which are different from the wild ones, originated 
in the Near East. 

The Natufians probably did not cultivate wild cereals 
but exploited wild stands near their camps and villages. 
They used flints to make sickle blades for harvesting 
and mortars and pestles for grinding seeds. Grains were 
in sufficient abundance to offer adequate food, and the 
proteins they produce (like those of rice but unlike those 
of maize) supply the dietary requirements without being 
complemented by other products derived from hunting 
and gathering. The latter activities were, however, con- 
tinued. Moreover, harvested cereal grains can be stored 
and thus provide food for the whole year. The necessity 
of storing the harvest probably favored their becoming 
sedentary, as suggested by the fact that Natufians, unlike 
other contemporary populations, built stone houses and 
villages. The need to assure a more permanent, guaran- 
teed supply of grains, reasonably close to the permanent 
homes, may have been among the stimuli to domesticate 
cereals. 

Study of natural and cultivated varieties of cereals in 
the Middle East showed that cultivation caused substan- 
tial genetic changes in wild cereals. For example, wild 
varieties have shattering seeds; domesticated cereals do 
not. This may have been a direct result of selection from 
the use of sickles, which would favor the retention of 
nonshattering variants as soon as deliberate sowing was 
started. Other properties of cultivated varieties are more 
likely to have been the result of intentional selection. 
Depending on locations, wild cereals were diploid or 
tetraploid, the tetraploids themselves being the result of 
spontaneous crosses between different diploid species 
leading to the formation of allopolyploids. Cultivated 
cereals are diploid (Einkorn wheat), tetraploid (durum, 
Emmer wheats), hexaploid (e.g., spelt, bread wheats, 
from crosses of wild diploid and tetraploid). 

The appearance of the new wheats—for example, at 
Jericho by 10 kya—provides further proof of the devel- 
opment of agriculture. Concomitantly, the settlements 
became larger and more clearly permanent. Mud-brick 
houses became common. Pottery did not exist here at 
this time; it would be found later; therefore, the Neo- 
lithic (the period in which agriculture first appeared in 
West Asia and Europe) in this part of the world and in 
its earliest diffusion to Europe is called “pre-ceramic.” 
In East Asia, pottery appeared before agriculture. 

The first appearance of agriculture is not localized in 
Israel alone but is observed over a vast area, the ‘Fer- 
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Fig. 4.7.1 Major archaeological sites of the Fertile 
Crescent and the Anatolian extension (Whitehouse and 
Whitehouse 1975). 


tile Crescent” (fig. 4.7.1). The western horn of the cres- 
cent starts in Israel (Jericho and other sites), goes north 
through Syria (sites of Ras Shamra on the coast, Murey- 
bat on the upper Euphrates), up to southeastern Turkey 
(Cayonu, where sheep, most probably domesticated, ap- 
pear together with domesticated cereals). The eastern 
horn of the fertile crescent descends toward the Persian 
Gulf east of the Tigris. In the northern part of Iraq, just 
south of the Zagros Mountains, is Shanidar, with early 
domestication of sheep and goats; farther south Jarmo, 
probably with domesticated swine; farthest south in Iran 
is Ali Kosh, with goats and cultivated cereals. An ex- 
tension from the central part of the crescent runs toward 
southwestern Turkey, where wild cereals also became 
common very early. Here we find important sites like 
Catal Hiiyiik, the first agricultural village that reached 
the size of a “town,” and others. 

Obsidian from the Zagros Mountains, used mostly for 
blades (Renfrew 1969), was probably traded from village 
to village as far south as Ali Kosh. In later stages of the 
agricultural expansion, obsidian was obtained from is- 
lands in the Aegean and the Tyrrhenian seas. The first 
maritime expansions may have taken place from the 
coastal sites of northern Syria, like Ras Shamra. Cyprus, 
Crete, then Greece and Macedonia have the first farming 
sites known outside Asia. 

In the ninth millennium B.P, pottery appeared and 
rapidly spread throughout the farming area then existing 
in Asia and Europe. From that time on, pottery and 
agriculture tended to expand together in Europe. While 
the focus of development seems to have spread from the 
southern part of the Levant toward the coastal areas of 
Syria in the north, the south tended to become pastoral. 
In southwestern Turkey, the development of Catal Hiiyiik 
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continued and abundant use of cattle is clear from wall 
paintings. Cattle is also seen in the ninth millennium B.P 
in lowland areas of eastern Syria (at Bougras, on the 
middle Euphrates) and northern Iraq (Oates 1980). In 
highland areas, sheep and goats were prevalent. 

In the eighth millennium B.P, we witness continuing 
development and extension of agricultural areas. New 
tools appeared (stone hoes); pieces of hammered cop- 
per, and possibly smelted ones, were used (hence the 
period is called Chalcolithic); trade began to prosper; 
and, most important of all, irrigation extended the areas 
brought under agriculture. Farming expanded in both 
eastern (Iran, Turkmenia) and western (Europe, Egypt) 
directions. The pattern of farming in Mesopotamia and 
even that of building simple houses with clay bricks re- 
mained largely unchanged for many millennia. Houses 
were built on top of old collapsed ones and many “hills” 
seen in the Near East (called “tells’”) and Anatolia are 
actually the result of the accumulation of layers of clay 
from earlier houses. Some of these tells are still inhab- 
ited today after 9000-10,000 years of accumulation of 
clay houses (e.g., Arbil in northern Iraq). 


4.7.b. IRRIGATION AND CITY GROWTH 


About 8000 years ago (the Samarra phase; Oates 1980) 
irrigation began and soon became common in southern 
Mesopotamia. The increase in farming potential under 
irrigation generated or emphasized disparity in the value 
of land, depending on the availability of water. The need 
for irrigation was a stimulus both for cooperation as well 
as for the development of social classes and hierarchical 
structures. Not long after this, the first “temples” ap- 
peared. These might have been centers for social and 
organizational meetings as well as religious practices, 
which might have been invoked as insurance against 
natural calamities (floods, droughts, etc.). The greater 
farming potential made possible the formation of towns 
and their continuous growth in size and also favored the 
development of trade, which extended as far as southern 
Arabia and the Indus Valley. 

Mesopotamia in the eighth and seventh millennia B.P 
thus became ready for the first development of a strong 
urban civilization associated with the Sumerians (fig. 
4.7.2). One of the first Sumerian cities, Uruk, reached 
a considerable extent by 6000 B.P, with mass-produced 
pottery. It may have attained its maximum size in lit- 
tle more than 1000 years. From late Sumerian times, 
around 5000 B.p, comes the world’s first written mate- 
rial. Only a few words of this script are understood, 
and the Sumerian language itself is of unknown origin. 
According to some linguists (Gamkrelidze and Ivanov 
1990), it shows similarities with Caucasian languages. 
A sexagesimal system of numerical notation was used. 

Uruk was not the only Sumerian city, and Sumerians 
established trade and economic and intellectual ties with 
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Syria and southwestern Iran. In southwestern Iran, in 
the area known as Khuzistan, lies Susa, the oldest site 
and later the capital of the proto-Elamite culture. These 
developments outside Sumer were certainly under strong 
Sumerian influence, which extended to most of the Mid- 
dle East. Elamites were probably politically dependent 
on Sumer but had a certain degree of cultural indepen- 
dence, including a different language belonging to the 
Dravidian family. 


4.7.c. BRONZE AGE IN THE NEAR EAST 


Sumerians. Early cast copper is present but rare in 
Mesopotamian towns, but a number of copper axes came 
from early Susa (Oates 1980). As the Bronze Age de- 
veloped, city-states emerged, with kings who may have 
been elective and often competed with the authority of 
temples. Ur, Nippur, and Lagash were Sumerian city- 
states that showed a tendency for political expansion (see 
fig. 4.7.2.). This period, called Early Dynastic, is be- 
lieved to have begun about 5000 years ago, roughly at 
the time of the first Egyptian Dynasty (3100 B.c.). So- 
cial stratification increased and aristocratic ruling fam- 
ilies had their land property managed by clients, who 
may have been in a state not far from slavery. The older 
system of kin control over shared land was present, but 
probably on its way to disappearance. Kings tried to 
wrestle land property from temples, often successfully. 


1. Akkadians (Moorey 1980). Similar urban devel- 
opments just north of Sumer fell slowly into the hands 
of Akkadians, people speaking a Semitic language; the 
city of Akkad was not far from Babylon, but its exact 


Fig. 4.7.2 Major sites and people in 
Mesopotamia and neighboring regions 
(modified from Oates 1980). 


site is not known. Sargon, an Akkadian from the city of 
Kish, conquered Uruk around 2350 B.c. and expanded his 
domination to Syria, Anatolia, Iran, and the Indus Val- 
ley. The Akkadian empire did not last long and was over- 
thrown by tribes from the north, west, and east; kings 
of the Sumerian city of Ur took power and extended it 
far and wide, in the footprints of the Akkadian emper- 
ors. This third dynasty of Ur was to fall around 2000 
B.c. to the Elamites (themselves under Akkadian rule af- 
ter 2300 B.c.). The Sumerian cities of Larsa and Isin 
contended for power, and Sumerian rule was again ac- 
tive in lower Mesopotamia until Hammurabi established 
a new dynasty with its capital in Babylon, shortly af- 
ter 1800 B.c.. Hammurabi was a member of the Amo- 
rites, a Semitic-speaking group of nomads probably from 
the Syrian desert. Babylon later fell to the Hittites, but 
the Kassites, already in the area, took power around 
1600 B.c. and remained in control of Babylonia until the 
twelfth century B.c., when Elamites and Assyrians (the 
latter from northern Mesopotamia) ended Kassite power. 


2. Hittites. Records from the twentieth century B.c. 
and somewhat later indicate that Hittites, an Indo- 
European-speaking people, were settled in central Anato- 
lia. They took power and established a capital, Hattusha, 
at modern Boghazkoy. The Hittites were responsible for 
ending the dynasty of Hammurabi in Babylonia, and 
they fought with Egyptians for control of trade in the 
Middle East, and also with Hurrians, a people from Ar- 
menia that may have come from farther North. The Hurri 
spoke a non-Semitic non-Indo-European language (of the 
Caucasian family; Gamkrelidze and Ivanov 1990) from 
which the Urartian language may have originated. They 


fell under the control of an Indo-European-speaking tribe 
coming from the outside and between 1500 and 1350 B.c. 
founded a short-lived kingdom called Mitanni (Moorey 
1980). 


3. Sea People. The fall of the Hittite empire in 1200 
B.C. 1S credited to the Sea People, (Parr 1980), a diverse 
collection of ethnic groups from the Mediterranean is- 
lands, but the destruction that followed the conquests 
by these pirates in the Near East caused a break in an- 
cient records, making historical reconstruction difficult. 
Egyptians resisted the Sea People fairly successfully, and 
the names of many ethnic groups are reported in Egyp- 
tian inscriptions as belonging to them: Acheans (Greeks), 
Tyrrhenians from western Anatolia, possibly ancestors of 
Etruscans, and also Lycians from the same geographic 
region; Sicilians, Sardinians, and Peleset (Philistines in 
the biblical tradition). The last are perhaps the only 
large tribe of Sea People who settled permanently on 
the southern coast of the Middle East, giving their name 
to the geographical region of Palestine. 


4.7.d. THE IRON AGE IN THE LEVANT 


In the turmoil generated in the Middle East by the at- 
tacks of the Sea People and the fall of the Hittite Empire 
in 1200 B.c., several new populations (in addition to the 
Philistines) established themselves on the Mediterranean 
coast or nearby (fig. 4.7.3). 


1. Arameans. Pastoral tribes from inland Syria, the 
Arameans, speaking a Semitic language, were early 
users of the camel, which allowed them to strengthen 
trade across desert routes. They were also early adopters 
of an alphabetic script used by Phoenicians. 


2. Canaanites. Canaanites, traders already located 
on the coast near Mount Carmel, were able to keep 
their culture and were the ancestors of Phoenicians, who 
started an expansion by sea in the tenth century (Parr 
1980). Canaanites, and later Phoenicians, developed the 
alphabetic script that gave rise to all European alphabets. 
Very able traders, they founded a number of trading posts 
on the coast of North Africa, western Sicily, Sardinia, 
Corsica, Spain, and beyond Gibraltar. They are believed 
to have circumnavigated Africa. Many of their trading 
posts developed into successful colonies, like Carthage, 
not far from modern Tunis, and founded daughter settle- 
ments. 


3. Israelites. Israelites had earlier settled in the Le- 
vant; they were originally one of many Semitic-speaking 
pastoral tribes, probably of Aramean or Canaanite stock. 
Among their earliest whereabouts that can be recon- 
structed from the Bible is their travel from Ur, which is 
associated with Abraham’s name and began around 2000 
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Fig. 4.7.3 The Levant in the first millennium Bc. 
(modified from Parr 1980). 


B.C. in a northern direction up the Euphrates, toward the 
land of Canaan. Hebrews probably settled in Israel by 
the fourteenth century B.c., and tribes were encouraged 
to unify under the monarch Saul (1020 B.c.) by pressure 
from hostile neighbors like the Philistines, whom they 
fought successfully. Later the kingdom split into northern 
and southern realms, Israel and Judah, both of which 
eventually fell under foreign domination: Israel under the 
Assyrians (722 B.c., with deportation of the inhabitants), 
and Judah under the Babylonians (capture of Jerusalem, 
597 B.c., with exile of the Jews to Babylonia). The major 
and last diaspora in many directions occurred in A.D. 70 
after Titus’s conquest of Jerusalem and destruction of the 
temple. 


4. Urartians. The Urartians inhabited northwestern 
Turkey, and their name may have come from Mount 
Ararat. They had a common ethnic background with 
Hurrians, who were from the same region, and had a 
similar language, also of poorly understood origin (per- 
haps Caucasian; Gamkrelidze and Ivanov 1990). In As- 
syrian times (see later), Urartians had a kingdom north of 
Assyria that was under cultural and, to some extent, po- 
litical Assyrian influence. The kingdom was invaded by 
the Cimmerians, a nomadic people from the Caucasus, at 
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the end of the eighth century. The Urartians lost their 
independence when power in the area went to the Arme- 
nians, an Indo-European speaking population. The name 
is probably a Greek misnomer caused by confusion with 
Arameans; they call themselves Hayk. The Armenians 
survived occupations and destructions by many armies, 
of which the Medes, Persians, Greeks, Romans, Byzan- 
tines, Arabs, crusaders, Turkmen, and Turks are a sample. 


5. Assyrians. Assyrians owe their name to the city of 
Assur, in northern Iraq, known since 2400 B.c. (Postgate 
1980). They spoke a Semitic language similar to, but 
distinct from, Akkadian (in use farther south) and were 
traders with central Anatolia. 

The Assyrians generated an empire that extended more 
or less to the whole area occupied by the fertile cres- 
cent and, with ups and downs, lasted until 605 B.c.. 
The Assyrians used cuneiform, script, and a large num- 
ber of their documents have been preserved, allowing 
their history to be reconstructed with a fair degree of 
accuracy. Cuneiform first appeared a little before 3000 
B.c. in Sumerian documents, replacing the first and older 
Sumerian hieroglyphic script. It was used by Akkadians, 
Elamites, Kassites, Persians, Mitanni, Hurrians, Hittites 
and people under their control, Babylonians, and Assyr- 
ians. Aramaic, which was soon written in the Phoeni- 
cian alphabet, replaced Assyrian and became a lingua 
franca. It is still spoken today, for instance, by the peo- 
ple of northern Iraq, who call themselves Assyrian and 
live between Mossul and Arbil in northern Iraq, not far 
from the ruins of the Assyrian capital, Nineveh. They 
are Christian and are possibly bona fide descendants of 
their namesakes. 


4.7.e. IRAN 


As part of the Fertile Crescent, northwestern Iran par- 
ticipated in the agricultural Neolithic revolution. The first 
historical developments in southwestern [ran included 
Elam, which had close contact with Mesopotamia. Iran 
became exposed to incursions of pastoral nomads from 
the Central Asian steppes before 2000 B.c.. Among these 
were the Medes, first named in historical documents in 
the eighth century B.c., who settled near other Iranian 
tribes believed to be closely related in central-eastern 
Zagros. They built a strongly fortified capital, Agbatana 
(modern Hamadan, in west-central Iran), which was in- 
habited between the eighth and sixth centuries B.c.. The 
Medes, in alliance with the Babylonians, were respon- 
sible for the fall of the Assyrian empire. Shortly after 
that time, the Achaemenian dynasty from Parsa, south 
of Media and east of Elam, started gaining strength. The 
Persian king, Cyrus the Great, overthrew the last Median 
king and conquered an empire larger than the Assyrian 
one, extending from Anatolia to the Indus River. Among 
later Persian kings, Darius conquered Egypt, but was 


unable to take Greece; Cyrus created a network of good 
roads with regular stations, whose nodes were administra- 
tive centers. Agriculture was favored, and Mesopotamian 
irrigation techniques spread to Central Asia. In addition, 
the 1000-year-old “qanat” system of irrigation (using un- 
derground channels where water was moved by gravity) 
was borrowed from Elam and Mesopotamia and widely 
adopted. Rice and sugar cane were probably imported 
from India; the peach and the apricot, originally from 
China, were also introduced (Stronach 1980). 

The Achaemenian dynasty lasted two centuries and 
was suppressed by Alexander the Great, who conquered 
the Persian empire during the 13 years of his rule to- 
ward the end of the fourth century B.c.. He thus brought 
Greek civilization to Western Asia, but was careful to 
save most of the existing administration. His successors, 
the Seleucids, continued the Hellenization of the area. 

The Seleucid period is followed by the Parthian (240 
B.C.-A.D. 224) and the Sasanian (A.D. 225-641). The first 
Parthian rulers may have been nomads in central Asia; 
the Parthian empire was, however, heavily Hellenized 
and continued Alexander’s policy of extending urban- 
ization and agriculture by founding new cities, opening 
new canals, and reorganizing water supplies. The Sasa- 
nians took power but continued the policy of expand- 
ing state-controlled irrigation and massive urban growth. 
Populations of conquered cities and vanquished armies 
were forced to resettle so that local population growth 
was not all natural but reached density levels that were 
never equaled later. Organization was regional, with feu- 
dal lords taking care of administration. Taxation was, 
however, so high that it exhausted and angered the peo- 
ple. After Arab takeover, adequate maintenance of the 
irrigation system became impossible and led to the col- 
lapse of the system. 


4.7.f. THE ARABIAN PENINSULA 


The Arabian peninsula (fig. 4.7.4) is arid, and most of 
the population is concentrated on the coasts in the east 
and southwest. 

In northern Arabia, south of the Dead Sea, is an area 
formerly occupied by Edomites, who fought Israel and 
later moved to Judea. From the fourth century B.c. comes 
the first historical reference to the new occupants of this 
area, the Nabataeans, who developed new techniques 
of water conservation in the desert that allowed them 
to build cities and temples in the southern desert. They 
owed their wealth to the control of the trade of incense 
from southern Arabia to the Middle East, since the cara- 
van routes from Arabia passed through Nabataean land. 

The Eastern coast of Arabia showed two major occu- 
pation zones (see fig. 4.7.4). 


1. The federation of Dilmun occupied the northwestern 
coast on the Persian Gulf between Sumer and Bahrain 
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Fig. 4.7.4 Arabia, Ethiopia, and southern Iran (modified 
from Doe 1980). 


Island. This was a trade center forwarding material to 
Sumer, and later to the Akkadians, from Magan (described 
below) and from the Harappan civilization in the Indus 
Valley. Copper, stone for carving, and wood were the ma- 
jor goods traded by seafaring vessels. 

2. Magan is an area located partly on the Arabian peninsula, 
on the coast of the United Arab Emirates (Abu Dhabi) 
and on the eastern coast of Oman, and partly on the 
opposite Persian coast across the strait of Hormuz. On 
both coasts occupation extended inland. The architecture 
of tombs in the Persian and Arabic areas that go under 
the name of Magan indicate contact between Persia and 
Arabia. 


The southwestern coast of Arabia developed a trade in 
myrrh and incense, which were grown locally. There was 
trade with Israel, during Solomon’s times, via the Red 
Sea and also by land via a caravan route parallel to the 
west coast of Arabia that reached Petra in Edomite and, 
later, Nabataean territory. Another caravan route crossed 
the desert toward Dilmun. Several Arab peoples are his- 
torically known, among whom were the Sabaeans, a fed- 
eration of tribes in modern Yemen, and the Minaeans, 
farther north along the caravan route. Both these peoples 
had important exchanges with Ethiopia, as discussed in 
chapter 3. 

Arab trade flourished in Roman times and continued 
later under Arab rule. When the Portuguese sailed around 
Africa to India at the end of the fifteenth century a.D., 
they found prosperous Arab trade from the Persian Gulf 
to China. 


4.7.g. ARAB EXPANSIONS 


The city of Mecca (fig. 4.7.5), which became the cen- 
ter of Islamic faith, was an important node in the camel 
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trade between southern Arabia and the Middle East. It 
was the city of birth of Muhammad, who created the 
religion of Islam and unified much of Arabia before he 
died in 632. Under his successors, expansion continued 
at a rapid rate: Syria, Iraq, and Egypt were conquered 
next and in less than 80 years all of North Africa and 
part of Spain were occupied. The capital was moved 
first to Baghdad, with an independent western capital 
established at Cordoba in Spain (see fig. 4.7.5). 

The conquest of northern Africa by Arabs in the sev- 
enth century A.D. was followed by a second invasion, 
the “Hilalian,” of Bedouin nomads from central Arabia 
beginning around A.D. 1045 (Murdock 1959). Bedouins 
form about one-tenth of the population of the Arab 
Middle East and Arabia, being largely pastoral no- 
mads even today. The Hilalian invasion forced many 
Berbers into servitude or migration to the interior 
of the Sahara and further degraded environmental 
conditions in North Africa through indiscriminate 
grazing. 

Arab rule considerably changed the distribution of 
populations in western Asia; many earlier prosperous 
cities were abandoned, while new ones were founded. 
Arab rule was interrupted by the invasion of Turkic peo- 
ple, also Moslem. Among these, the Seljuqs established 
an empire in Iran in the eleventh century, occupying 
Baghdad, and then most of Anatolia. Baghdad was 
sacked again in the thirteenth century by another horde 
of pastoral nomads, the Mongols. Arab rule was replaced 
over an important part of Arab lands by Ottoman rule, 
which began with Osman, a Turkic chief in Anatolia 
(died A.D. 1320). After taking all of Anatolia and ending 
the Roman Empire of Byzantium in a.p. 1453, in succes- 
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Fig. 4.7.5 Arab conquests (modified from Whitehouse 
1980). 
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sive centuries the Ottoman Turks extended their rule to 
the Balkans, then to Syria, Egypt, Mesopotamia, Tripoli- 
tania, Tunisia, Algeria, Hungary, and much of Arabia. 
The dissolution of the Ottoman empire began in the last 
century and was completed with World War I. 


4.8. LINGUISTICS 


According to Ruhlen’s classification, 10 language 
phyla are spoken in Asia (fig. 4.8.1): 


1. Uralic-Yukaghir (northern Asia and northern Europe); 

2. Chukchi-Kamchatkan in the extreme northeast; 

3. Altaic, the family spread over the widest area: Northeast, 
East, Middle, and Central Asia and Turkey; 

4. Sino-Tibetan languages: spoken in China, Tibet, and part 
of Southeast Asia; 

5. Austric, including Austronesian, Daic, Austroasiatic, 
and Miao- Yao, spoken in mainland and insular Southeast 
Asia and the Pacific islands; 

6. Dravidian, almost exclusively in southeastern peninsular 
India; 

7. Indo-European, shared with Europe; 

8. Afro-Asiatic, shared with Africa; 

9,10. Caucasian, two families spoken in the northern and 
southern Caucasus. They were considered one family in 
Ruhlen (1987) and two families in Ruhlen (1991). 


There are also four language isolates, currently not 
classified in any phylum: 


1. Burushaski, spoken by the Hunza in the northern Pak- 
istan mountains; 
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For a more extensive general introduction, see chapters 
15-19, 26, 28, 30, 31, 43 and 45 in the Cambridge 
Encyclopedia of Archaeology (Sherratt 1980). They have 
been a partial source of information for us and contain 
further references. 


2. Ket, spoken in central Asia at the border of Uralic and 
Altaic speakers; 

3. Gilyak (or Nivkh), spoken on the lower course of the 
Amur river in East Siberia and on northern Sakhalin Is- 
land; 

4. Nahali, in central India, which, according to some, be- 
longs to the Munda (Austroasiatic) languages. 


1. Uralic-Yukaghir. The  Uralic-Yukaghir family 
comprises two subfamilies, one made up of Yukag- 
hir (and two extinct languages from northeastern Siberia) 
and another that includes an eastern group called 
Samoyed — about 2 million speakers — divided into north- 
ern (Nenets, Enets, Nganasan) and southern (Selkup, 
Kamas) parts, and a western, or Finno-Ugric, group 


spoken in different parts of Europe (discussed in sec. 
5.6). 


2. Altaic. The Altaic family includes three subfam- 
ilies, Turkic, Mongolian and Tungus, and, according to 
some linguists, three isolated languages: Korean, Ainu, 
and Japanese (with Ryukyuan). 


Language Isolates 


1 Burushaski 

2 Ket 

3 Gilyak Fig. 4.8.1 Geograpic map of the distribution 
ere of linguistic families spoken in Eurasia and 


North Africa (Ruhlen 1987). 


Some 30 Turkic languages were spread widely by the 
pastoral nomads of the eastern Asian steppes. They are 
subdivided geographically into five groups: 


. eastern (Uighur, Uzbek, etc.); 

. western (Bashkir, Tatar, Kumyk, etc.); 

. central (Kazakh, Kirghiz, etc.); 

. northern (Yakut, Tuva, Altai, Dolgan, etc.); 

. southern (Turkish, Turkmen, Azerbaijani, etc.). 
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There are about a dozen Mongolian languages, in- 
cluding Kalmyk and Buryat, and 16 Tungus languages, 
including Even, Evenki, and Manchu. Altogether the 
Altaic family comprises 60 languages and 250 million 
speakers. 


3. Chuckchi-Kamchatkan. The Chuckchi-Kamchat- 
kan family occupies the extreme northeastern corner of 
Asia and is subdivided into two subfamilies: the north- 
ern one includes Koryak, Chuckchi, and two other lan- 
guages, whereas Kamchadal, the language spoken on the 
Kamchatka peninsula, is the sole member of the southern 
subfamily. Altogether there are 23,000 speakers. This 
family shows some similarities to the Eskimo-Aleut lan- 
guages, spoken on the other side of the Bering Strait, 
which are discussed in the chapter on North America. 
There are also a few Eskimos west of the Bering Strait. 


4. Sino-Tibetan. The Sino-Tibetan family includes 
the Sinitic subfamily (12 languages, one billion speak- 
ers) and Tibeto-Karen (246 languages, but a smaller 
number of speakers). Tibeto-Karen branches into Karen, 
a single language, and Tibeto-Burman. According to 
some linguists, Tibeto-Karen is related to the Na-Dene 
family of northwestern America, to the Yeniseian family 
of Central Siberia, and to the North Caucasian family in 
a Dene-Caucasian phylum. 


5. Austric. Austric is a phylum that includes several 
other previously classified families. 


1. Miao-Yao includes four languages and many dialects, 
spoken by a large number of fairly isolated populations 
in Thailand, Laos, Vietnam, and South China (7 million 
people). 

2. Austroasiatic includes around 150 languages. Seventeen 
Munda languages are spoken in at least four different 
areas in northeastern India (6 million speakers). The oth- 
ers, called Mon-Khmer, are spoken by the majority of 
people in Vietnam, Cambodia (Khmer), Laos, one group 
in northeast India, and the inhabitants of the Nicobar Is- 
lands (total 50 million speakers). 

3. Daic embraces 57 languages (50 million people) spoken 
in southern China and Southeast Asia, including Thai and 
Lao. 

4. Austronesian includes almost 1000 languages (180 mil- 
lion speakers). There are three major branches: 

a. Formosan: the aboriginal languages of Taiwan, today 
numbering about a dozen, with 350,000 speakers; 
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b. Western Malayo-Polynesian: about half of the lan- 
guages, spoken in Indonesia, the Philippines, southern 
Vietnam, and the African island of Madagascar; 

c. Central-Eastern Malayo-Polynesian: includes the re- 
maining languages, which are spoken in Melanesia, Mi- 
cronesia, Polynesia, and also on the northern coast of 
New Guinea. The eastern half constitutes less than 1% 
of all the speakers of Austronesian languages. 


6. Dravidian. The Dravidian languages (28 in num- 
ber) are, for the most part, found in southern India and 
Sri Lanka and number 145 million speakers. An isolated 
Dravidian language, Brahui, is spoken in southwestern 
Pakistan. Harappan inscriptions have been interpreted 
by some as belonging to a Dravidian language. A more 
thorough analysis is at the base of the relationship postu- 
lated by McAlpin (1981) between Elamite and Dravidian, 
thanks to the existence of documents in Elamite written 
in cuneiform characters from about 2500 B.c. to the fourth 
century B.c.. Elam is the biblical name for a region of south- 
western Iran that had extensive contacts with Mesopotamia 
(see sec. 4.7). McAlpin has reconstructed proto-Elamo- 
Dravidian, and the Dravidian family has been renamed 
Elamo-Dravidian (Ruhlen 1987). Speakers of this family 
probably once extended continuously from Mesopotamia 
to India and thus may well have included Harappans. Two 
authors (Cavalli-Sforza 1988; Renfrew 1989a,b,c) have 
independently hypothesized that it was spread eastward 
by farmers originating in the Iranian horn of the Fertile 
Crescent. Despite its name, the Fertile Crescent may be ap- 
proximately described as having three horns, one pointing 
toward Suez, one toward western Iran, and one extending 
into southwestern Anatolia. It is possible that a different 
language was spoken in each of the three horns some 10 
kya, at the time of the spread of agriculture, and each of 
the three was carried by the Near Eastern farmers in the 
three directions in which they spread: North Africa/Arabia, 
Europe, and Iran/India, respectively (fig. 4.8.2). If this 
is correct, then the three languages may have been an- 
cestral to the Afro-Asiatic (at least its Semitic branch), 
Indo-European, and Dravidian families, respectively. To- 
day in Iran and most of India, Indo-European languages 
are spoken, but the most widely accepted interpretation 
is that they were brought there at the beginning of the 
second milennium B.c. by pastoral nomads originating 
in the western steppes of Asia or of southeastern Europe 
(sec. 4.6). 

Initially, Renfrew (1987) assumed that farmers from 
the Fertile Crescent spread Indo-European languages and 
that the arrival of Afro-Asiatic in the Middle East was a 
later phenomenon. He left open, however, the more tra- 
ditional option that Indo-European languages arrived in 
Iran, Pakistan, and India from the Asian steppes. In his 
later papers (Renfrew 1989a,b,c, 1992), Renfrew aban- 
doned the hypothesis that Indo-European languages ac- 
companied the diffusion of Neolithic farmers to [ran and 
India and, as mentioned above, favored the idea that the 
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language spread eastward by Middle Eastern Neolithic 
farmers was proto-Dravidian, ancestral to the modern 
Dravidian family. It is worth noting that the union of 
Indic and Iranian or Indo-Iranian is one of the few sub- 
groupings within Indo-European that is universally ac- 
cepted, indicating that it probably represents a very late 
split. Indo-Iranian languages are thus far too similar to 
have been spread from the Middle East 10 kya. In fact, 
the migration from the Central Asian steppes that led to 
the settlement in Iran and India may be only about 4000 
years old or less. 


7. Indo-European. The Indo-Iranian branch of Indo- 
European (Indo-Hittite; Ruhlen 1987) is formed by 93 
languages, of which 48 are Indic and 40 Iranian, with a 
total of 700 million speakers. 


8. Afro-Asiatic. The Afro-Asiatic language family 
has six branches, (discussed in chap. 3). The branch 
with the most people (121 million of 175), but not the 
most languages (only 19 of 241) is Semitic, spoken in 
North Africa, northern Ethiopia, Arabia, and the Middle 
East (Arabic, Hebrew, and Aramaic). 


9,10. Caucasian. Caucasian languages are very di- 
verse and form two distinct families, North Caucasian 


4.9. PHYSICAL ANTHROPOLOGY 


The layman’s perception of characteristics of Asian 
people derives especially from facial traits, which noto- 
riously vary from Caucasoid to Mongoloid as one goes 
from west to east. In extreme cases, it is easy to distin- 
guish individuals of these two groups by simple inspec- 
tion, and also to note that there are various degrees of 
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Fig. 4.8.2 The spread of Indo-European, 
Dravidian, and Semitic languages by 
Middle Eastern farmers (a hypothesis; 
modified from Cavalli-Sforza 1988, 
Renfrew 1989b). 


and South Caucasian (or Kartvelian). It is of consider- 
able interest that some authors (Gamkrelidze and Ivanov 
1990) find similarities pointing to a common origin 
of Basque, Sumerian, Urartian, Hurrian, Etruscan, and 
North Caucasian languages. This very exciting hypoth- 
esis may be difficult to support in ways that will ob- 
tain wide recognition: the majority of these languages 
are extinct, some incompletely known, and the relation- 
ship must be very ancient, greatly reducing the simi- 
larities. The time of an expansion to such a large area 
of people speaking these languages must antedate the 
Indo-European, Afro-Asiatic, and Dravidian expansions, 
namely the development of agriculture in the Near East 
beginning 10 kya. The only expansion for which we 
have some evidence is dated to 40-30 kya and corre- 
sponds to the replacement of Neanderthals in Europe. 
The common characteristics of languages that diverged 
such a long time ago must obviously be very thin. Al- 
ternatively, of course, there might have been an expan- 
sion at an intermediate date between 35 kya and 10 kya. 
Progress is slowly being made, however, towards recog- 
nizing etymologies common to all or almost all language 
families (see chap. 2), whose common origin must be 
even more ancient. This brings hope that hypotheses of 
this kind can be tested more rigorously than has been so 
far possible. 


admixture, especially in Central Asia. The morphologi- 
cal traits vary more in Caucasoids than in Mongoloids: 
for instance, there is a wider range of skin color from 
extreme white in northern Europe to black in southern 
India than there is in Mongoloids, who vary less from 
north to south. Hair in Caucasoids varies from blond to 


black and can be straight or wavy, whereas it is almost 
invariably black, straight, and coarse in Mongoloids. 
Mongoloids also have scarce facial and body hair, and 
graying is delayed, whereas hair is abundant in Cauca- 
soids and graying is almost the rule. Eyes are brown 
in mongoloids with epicanthic eyefolds and fat-padded 
lids; they usually appear “slanted,” a characteristic also 
found to some degree in the African Khoisan. The Mon- 
goloid face is flat, with a flat nose and high cheekbones. 
Another well-known Mongoloid feature, the Mongolian 
spot, is not regularly present. Mongolian characteristics 
are most marked in southern Siberia, as we discuss more 
fully in the chapter on America, given the importance 
of these populations in the peopling of Americas. In 
Southeast Asia, though present, these characteristics are 
less marked; other physical characters derived from body 
build distinguish northern and southern Mongoloids. We 
show below that genetic data confirm this distinction and 
set a boundary corresponding to that of the basins of 
two major rivers, the Huang-Ho (Yellow River) and the 
Yangtze. The physical separation goes back to the Paleo- 
lithic and is maintained through the Neolithic, as already 
mentioned in earlier sections. Chang (1977) summarized 
the ancient picture as follows: “North China was popu- 
lated throughout by people manufacturing stone imple- 
ments of great complexity, displaying different features 
at different sites, from the Mongolian steppes to the 
Manchurian and northern Chinese forests. The North 
China stone implements were microflakes and micro- 
blades, quite different from those manufactured in South 
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China, where there were no blades or microlithic indus- 
try, but the ‘Hoabinhian complex’ of Southeast Asia, 
characterized by chipped pebble tools including hand 
axes and scrapers.’’ Moreover, skeletons differ in North 
and South China (1977), the northern ones being “Mon- 
goloid” and the southern ones more similar to contem- 
porary Southeast Asian types. 

A collection of Asian anthropometric data by Bowles 
(1977) allows an elementary multivariate analysis of nine 
standard measurements in 33 Asian populations. The 
variables are: stature, head length and breadth, forehead 
breadth, face breadth and height, lower jaw breadth, nose 
height and breadth. The geographic distribution of pop- 
ulations analyzed is shown in figure 4.9.1. 

The analysis of Bowles’ data collection by first and 
second principal components (PCs) is shown in figure 
4.9.2 and that by second and third component in figure 
4.9.3. 

Even with the limited choice of anthropometrics avail- 
able in this data set, one can recognize that the first 
component is especially sensitive to general size and ap- 
proximately separates south (at the right of the diagram 
in fig. 4.9.2) from north (at left). South Asia (India) 
occupies the extreme right of the diagram. The first 
and second PCs segregate Southeast Asia in an upper 
cluster, and Northeast Asia almost entirely in the lower 
left quadrant. Two PCs alone cannot do justice to the 
great number of clusters (we have seen that in principle, 
n PCs separate a minimum of n + | clusters). Thus, it 1s 
not too surprising that the first two PCs do not succeed in 
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Fig. 4.9.1 Geographic distribution of 
populations listed by Bowles (1977). 
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clustering the populations from West Asia, which seem 
to form three clusters; but the third PC clusters them 
successfully (fig. 4.9.3). 

Looking at individual measurements, stature is lowest 
in South and Southeast Asia, as might be expected be- 
cause of the well-known negative correlation of stature 
and temperature (Roberts 1973). In agreement with this, 
the first principal component is especially sensitive to 
overall size. By contrast, face and nose breadth, indica- 
tors of Caucasoid/Mongoloid admixture, show an east- 
west gradient. 
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The east-west gradient is especially high in the speak- 
ers of Turkic (Altaic) languages. This is partly ex- 
plained by the history of migrations in and from the 
central steppes. The first migrations moved from the 
western steppes of the southern Volga toward East Asia 
and South Asia (as well as Europe) in the third to first 
millennia B.c. until Altaic-speaking peoples (Hsiung-nu, 
Turks, and Mongols) reversed the dominant direction of 
gene flow in the steppes, making east-to-west flow domi- 
nant. These people also moved toward the south at about 
the same time. The very high geographic mobility of the 
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Fig. 4.9.3 Physical anthropology of Asia, 
based on Bowles’ (1977) summary. Sec- 
ond (horizontal) and third (vertical) prin- 
cipal coordinates. N., North; S., South; 
S. W., South West; C., Central; E., East; 
W., West. 
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steppe people, both western and eastern, is explained by 
their economy of pastoral nomadism. The technologies 
of animal breeding and exploitation that they developed 
and perfected over millennia made them more and more 
mobile. As briefly indicated in section 4.3, there were 
not only relocations, but also chances for demographic 
expansion extending the range of their gene pool and, 
even more, the range of their languages. When mobility 
became very high, however, the chance of influencing 
the local gene pools of the invaded countries decreased 
considerably. Small and efficient armies could rapidly 
conquer large countries, and there was no time for in- 
vaders to multiply fast enough for their contribution to 
the local gene pool to be easily discernible, especially 
if the invaded countries were highly developed agricul- 
turally and had a high population density. The chance 
of influencing culture and language, however, is much 
greater than that of influencing genes. A powerful elite 


4.10. GENERAL GENETIC PICTURE OF ASIA 


The tree constructed from 39 Asian populations or pop- 
ulation pools is given in fig. 4.10.1. The genetic doc- 
umentation includes 68.6 genes, on average. There are 
2 major clusters: a smaller one, consisting of 7 popu- 
lations from Southeast Asia, and a larger one includ- 
ing all the rest. North China and South China belong to 
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Fig. 4.10.1 Genetic tree of 39 Asian populations. 
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of conquerors can—even if an absolute minority— 
impose its rule and, with it, its language and customs, 
but is much more limited in extending its genes widely 
and rapidly. 

In addition to Caucasoids and northern and southern 
Mongoloids, one finds in Southeast Asia a few scat- 
tered groups of Negritos (Omoto 1985). This population 
is characterized by small stature, brown skin, curly to 
frizzy hair, large teeth, a projecting jaw, and broad nose. 
Various Negrito groups are found in the Philippines (Lu- 
zon, Mindanao, Palawan), in the Andaman Islands, and 
in Malaysia (Semang). They show some physical sim- 
ilarity to Australian aborigines and Melanesians. Some 
Indian aboriginal groups (Vedda of Sri Lanka, Kadar of 
Kerala, and other tribals) bear a certain physical resem- 
blance to Negritos (see also sec. 4.6). The relationships 
of Ainus with modern Japanese on the basis of skull data 
have been discussed in section 4.4.a. 


different major clusters, thus confirming the suspicion 
that, despite millennia of common history and many mi- 
grations, a profound initial genetic difference between 
these two regions has been in part maintained. 

The larger cluster contains three subclusters. 


1. A small subcluster comprises four populations from 
the extreme northeast: Koryak, Chukchi, Tungus (Even), 
and North Turkic. North Turkic speakers include the 
Yakut, Tuva, Altai, Dolgan, and others, as explained in 
more detail in section 4.11. Other northern groups, like 
Uralic-speaking Siberians, associate with the next sub- 
cluster. Reindeer Chukchi, instead of associating with 
other Chukchis, are an outlier of the next cluster. 

2. The northern Mongoloid subcluster includes six pop- 
ulations from East Asia and three from the northeast 
(Uralic-language speaking Siberian, Mongol, and Rein- 
deer Chukchi) that are missing in the previous subcluster. 
The limit between North and South China was drawn in 
the middle of China and, as we have seen, South Chinese 
join Southeast Asians, while the North Chinese associate 
with Koreans, Japanese, Ainu, Bhutanese, and Tibetans. 
We may surmise that the last two originally came from 
the north, thus explaining the association (see sec. 4.4). 

3. The largest subcluster, consisting of 19 populations, is 
sharply separated from the others and includes all West 
Asians and South Asians in the sample. It is clearly Cau- 
casoid, though one population from Central Asia, the Uz- 
bek, may be more mixed with Mongoloids than the others. 
The two Arabian groups pair together and form a small 
outlying cluster by themselves. Indians tend to divide 
into two groups and are examined in greater detail below. 


The tree thus confirms the major features of the world 
tree, while it shows some new features with the intro- 
duction of more populations into the analysis. The divi- 
sion into two main clusters of Caucasoid and Mongoloid 
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may exaggerate some differences, forcing Turkic speak- 
ers like the Uzbek to fall into one of the two clusters, 
although the variation is probably more gradual. 

Unlike the data from physical anthropology, but not 
in real disagreement with them, the tree shows a major 
distinction between Southeast Asia and the rest. The as- 
sociation between East Asians and Northeast Asians and 
the clustering of all Asian Caucasoids are clear. 

The choice of populations was based, as usual, on 
the number of genes. From a longer original list, three 
populations that had fewer markers than the 39 eventu- 
ally chosen (and behaved as outliers in the tree) were 
retained for PC analysis: Taiwan aborigines, Turkoman, 
and Gurkhas. Siberian Uralics, used as a block in the 
tree, were split into their components: Nentsy, Samoyed, 
and Nganasan. The PC map 1s therefore based on 44 pop- 
ulations (fig. 4.10.2) with an average of 65.1 + 6.2 genes 
and accounts for 39% of the original genetic variation. 

The PC map gives conclusions very similar to those of 
the tree; the first PC separates Southeast Asia from the 
rest, like the first fission in the tree of Asia. The second 
principal component helps separate the rest of the popu- 
lations into two major clusters clearly visible in the left 
part of the diagram: in the upper part all the Caucasoids 
(i.e., West and South Asia; tree subcluster 3 indicated 
above), and in the lower part all of Northeast Asia and 
East Asia (tree subclusters 1 and 2, defined above). 


4.11. GENETICS OF THE ARCTIC 


Arctic populations show considerable variation, as 
might be expected because of their low population den- 
sities and the small overall sizes of their groups. They are 


Fig. 4.10.2 Principal-component map of 42 
Asian populations. 


The PC representation gives only an approximate idea 
of the subclusters expected in this vast continent and 
shown by the tree, but it cannot be expected to resolve 
more than three clusters since it is based on only two 
components. It is therefore not too surprising that the 
separation of the clusters in the upper left and lower left 
quadrants is not as sharp as that of Southeast Asia from 
the rest. The two groups intermediate between the Cauca- 
soid and Northeast Asia—East Asia clusters, Turkmen and 
Uzbek (who are also close to the center of the figure), may 
be mixtures between Caucasoid and northern Mongoloid. 
The Gurkhas, who are mostly located in northern India 
and Nepal, show some genetic association with Southeast 
Asia, but are probably not a clear ethnic entity, the name 
being that of a royal Nepalese dynasty that was given 
loosely to British soldiers of a Nepalese corps. They seem 
to differ, however, from other Nepalese, who associate 
more closely with Tibetans and Bhutanese. Taiwan ab- 
origines associate closely with Southeast Asia, in agree- 
ment with earlier observations (e.g., Chen et al. 1985). 

On the basis of these results, we focus our attention 
on the following groups: 


The Arctic (including other non-Asian Arctic populations); 
Northeast and Central Asia (including some neighbors); 
Southeast Asia, mainland and insular; 

South Asia (the Indian subcontinent): 

West Asia, including Iran and the Caucasus. 


highly mobile, especially in the winter. For the purpose 
of a direct comparison with potentially ancestral Asian 
groups, we have included Eskimos even though Asian 
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Fig. 4.11.1 Genetic tree of 15 Arctic populations and 
Northern Na-Dene. GNL Eskimo, Greenland Eskimo; USA 
Eskimo, Alaskan Eskimo; CAN Eskimo, Canadian Eskimo; 
USSR Eskimo, Soviet Union Eskimo. 


Eskimos are very few and the vast majority are found in 
North America. We have also included another Ameri- 
can group, the Na-Dene, which are somewhat similar 
to Eskimos. For the former USSR we use population 
size estimates from the USSR Central Statistical Board 
(1987) and we retain the old political designation in the 
following. 

Unfortunately, few markers are known for most of 
the individual ethnic, groups. Because tree analysis of 
a matrix of 26 single, unpooled populations with 64% 
gaps gave erratic results, we left out or pooled some 
populations as specified below. From genetic distances 
based on 60 genes, on the average (and 41.3 per popu- 
lation pair), the tree of 16 populations in figure 4.11.1 
was obtained. In the PC map (fig. 4.11.2), which is per- 
haps less sensitive than trees to sampling error, the larger 
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matrix of 26 populations was used (average number of 
genes, 43.6). This map accounts for 35% of the orig- 
inal genetic variation. The four populations with fewer 
genes (not included in the tree) are: USSR Lapps, a 
very small group (1900 in 1979), Yupik Eskimos from 
western Alaska (population 17,000; too few genes), and 
two large groups, the Komi and Mari (population 47,800 
and 622,000, respectively), who speak languages of the 
Finnic subfamily of the Uralic family, which also in- 
cludes Lappic languages. The Komi and Mari are located 
around the north-central part of the Ural mountains. 

The speakers of some Altaic languages, who were also 
tested for rather few genes, were pooled on a linguis- 
tic basis. One of the pooled groups is the North Turkic 
and its best-known members, genetically, are the Tuva 
(166,000), located in southern Siberia just northwest of 
the People’s Republic of Mongolia; the Yakut (328,000), 
occupying the central part of Siberia up to the northern 
coast; the Dolgan, a small group (5100) now located 
near the Nganasan (see below) but living earlier in a 
more southern region; and the Altai (60,000) near the 
western border of Mongolia with the USSR and China. 

Another pooled group is Mongol-Tungus, which in- 
cludes the Even (12,500), located between the Yakut 
and the Chukchi on the Kamchatka peninsula; the Evenki 
(27,000), located mostly at the eastern border of Mongo- 
lia with China and the USSR; and the Buriat (353,000), 
located east of Lake Baikal and also in Mongolia and 
China. 

Asian Uralics include the Nganasan, a very small pop- 
ulation (900) that lives in or below the Taymir penin- 
sula (they still hunt wild reindeer, but are increasingly 
becoming reindeer breeders); the Nentsy (30,000), also 
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Fig. 4.11.2 Principal-component map of 26 
populations in the Arctic region, and some 
neighbors. 


Table 4.11.1. Genetic Distances (in the lower left triangle of the matrix) and Their Standard Errors (in the upper right triangle of the matrix) between Arctic Populations (all values x 10,000) 


FLP NLP SLP EDR GES IES USA USSR = NN-D MGT NTU CHK KCHK ACHK NEUR NGUR - SUR 


Finnish Lapps 0 103 99 271 263 384 356 261 291 122 225 288 344 352 235 475 321 
Norwegian Lapps 418 0 25 208 255 237 162 186 299 209 85 197 265 342 169 266 178 
Swedish Lapps 465 96 0 273 375 405 194 196 337 205 119 170 234 354 344 488 271 
Elamo-Dravidian 1158 1014 1343 0 75 50 76 66 99 92 225 240 275 145 98 289 241 
Greenland Eskimos 920 1090 1534 302 0 66 79 173 205 162 223 185 248 259 192 488 370 
Inupik Eskimos 1670 1217 1878 326 278 0 91 167 296 174 339 360 620 303 244 599 465 
USA Eskimos 1275 734 905 259 330 417 0 125 120 190 177 219 495 102 273 325 156 
USSR Eskimos 1336 803 1073 407 677 799 351 0 182 166 224 72 169 212 257 322 121 
North Na-Dene 1748 1420 1748 645 690 872 595 746 0 107 258 390 457 350 322 521 429 
Mongol Tungus 723 818 852 478 903 853 728 566 743 0 271 389 449 109 221 290 148 
North Turkic 739 402 533 895 966 1261 686 837 1157 689 0 161 187 377 277 477 349 
Chukchi 1061 502 559 658 682 1370 562 246 1136 807 505 0 157 511 303 454 238 
Koryak Chukchi 1199 858 700 1070 1232 2015 1227 680 1516 962 658 335 0 666 399 574 304 
Reindeer Chukchi 1659 1087 1013 621 1067 1494 496 583 1236 466 1398 980 1414 0 251 311 150 
Nentsy Uralic 854 894 1219 619 776 946 844 780 1165 512 787 1028 1440 864 0 198 30 
Nganasan Uralic 1927 1673 1861 1309 2125 2157 1451 1361 2232 904 1457 1874 2136 1321 631 0 65 
Samoyen Uralic 1269 907 1022 773 1345 1508 501 380 1217 370 852 840 1036 498 114 234 0 
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called Yurak, Nenets, or Yenisei; and others. Other peo- 
ple were grouped as (other) Samoyen or Samoyeds, a 
generic name for the whole group. 

The Chukchi (14,000) live on the Chukchi peninsula 
and are divided into two groups: maritime Chukchi on 
the Arctic and Bering coasts of the peninsula, and Rein- 
deer Chukchi, reindeer herders who inhabit the inte- 
rior of the peninsula. The Koryak (8000) live in the 
Kamchatka peninsula and also speak languages of the 
Chukchi-Kamchatkan family. 

The Lapps (their correct name is Same or Saame; Lapp 
is derogatory in some countries, but we retain it because 
it is much more widely known) are divided here ac- 
cording to political geography. There are 20,000 Lapps 
in northern Norway, 8000 in northern Sweden, 2000 in 
Finland, and almost 2000 in the USSR. They speak at 
least three different Lappic languages. Coast, forest, and 
mountain Lapps have different economies, substantially 
transformed in recent times. Coastal Lapps were hunters 
of wild reindeer and sea mammals, with seasonal migra- 
tion (i.e., Sseminomadic); mountain Lapps were fully no- 
madic reindeer herders; forest Lapps were seminomadic 
wild reindeer hunters and freshwater fishermen. 

Eskimos are described more fully in the chapter on 
America. (Their correct name is Inuit. Eskimo 1s some- 
times perceived as derogatory, but it is more widely 
known.) There are only about 1500 USSR Eskimos, near 
the Bering Strait, and they speak the Yupik language. 
Genetic information on the Asian Eskimos is limited. 
They seem to cluster with the neighboring Chukchi, and 
the linguistic families of the two groups show some 
similarities. Another group of Chukchi, the Reindeer 
Chukchi, are located farther south. Northern Na-Dene 
are from the northwestern part of North America (see 
chap. 6) and are included with Eskimos to examine their 
possible affinities with people from Arctic Asia. 

The tree shows three major clusters, Eskimos (joined 
by their American neighbors, the Na-Dene), Lapps (with 
some Chukchi), and a group of Siberian populations. 
The PC map shows some more detail. Lapps and Eski- 


4.12. GENETICS OF EAST AND CENTRAL ASIA 


The analysis included 21 populations from East Asia 
and some neighbors (F'sz distances and standard errors 
in table 4.12.1). The tree (fig. 4.12.1) shows a distant 
outlier, the South Chinese, who are more closely related 
to Southeast Asia than to Northeast Asia (see chap. 2). 
As already mentioned with regard to physical anthropol- 
ogy in section 4.9, there is a strong difference between 
North China and South China. The tree shows one large 
cluster that includes populations living in Japan, Ko- 
rea, Bhutan, and Tibet and another large cluster made 
up of three smaller ones. Of the three small clusters, 
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mos are the clusters farthest apart, forming the poles of 
the first PC. They are followed by northern (Siberian) 
Uralics and Chukchi at the poles of the second PC. The 
two western Uralic groups, Komi and Mari, are some- 
what intermediate between Lapps and northern Uralic 
groups, approximately corresponding to their relative 
geographic positions. 

Nganasan are outliers of the Samoyed group in the 
tree and also in the PC map, where, however, this detail 
is not clearly visible. For the purpose of graphic display, 
they were shifted in the PC graph so as to take the same 
value of the second PC as the Nentsy; their real value 
would place them at almost twice the distance from the 
center as the Nentsy. Their position as an outlier must be 
a consequence of their very small population size (900), 
which must have been responsible for extreme drift. In 
spite of this, however, they still cluster with the other two 
Uralic-speaking groups who are their geographic neigh- 
bors and who belong to the same linguistic branch of the 
Uralic family (North Samoyed). 

In conclusion, there has been considerable genetic dif- 
ferentiation in the Arctic region, especially among pop- 
ulations living in the extreme north, and here drift must 
have been especially powerful given the low popula- 
tion density and small tribal numbers. Geography re- 
tains some importance, as shown by PCs, but with ex- 
ceptions: Lapps and Eskimos are farthest apart in the 
PC map and in geography, but Lapps show similarity, 
though not marked, to some Chukchi. Populations that 
are central in the PC map are mostly located in southern 
Siberia and do not diverge as much as the more northern 
populations. One group of Chukchi (Reindeer Chukchi) 
is widely separated from the other Chukchi and closer to 
the Tungus. It could be hypothesized that they originally 
spoke another language and acquired a new one, along 
with reindeer-breeding skills, from the Chukchi. Russian 
Eskimos are probably more mixed with other Asian pop- 
ulations and diverge from North American Eskimos. The 
Fsy genetic distances used in these analyses are given 
with their standard errors in table 4.11.1. 


the first includes Turkic-speaking populations of Cen- 
tral and West Asia (Turkomen, Uzbek, and Turk) 
who have Caucasoid components of various impor- 
tance; the second includes Altai, Northern Chinese, and 
Nepalese (excluding Sherpas, who are kept separate); 
the third comprises two Altaic-speaking populations, 
already described in section 4.11, and also—perhaps 
surprisingly —Sherpas (85,000, living mostly in Nepal). 

The PC map agrees largely with the tree (fig. 4.12.2). 
It is based on an average of 55.7 + 5.4 genes and ac- 
counts for 39% of the original genetic variation. South 


Table 4.12.1. Genetic Distances (in the lower left triangle of the matrix) and Their Standard Errors (in the upper right triangle of the matrix) between Populations in Eastern and Central Asia 
(all values x 10,000) 
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Fig. 4.12.1 Genetic tree of 21 populations from East and 
Central Asia. 


Chinese are again a strong outlier. The first PC sepa- 
rates Japan and Korea from all others. Three Tibetan 
groups—from Tibet and from Bhutan, and the Sher- 
pas from Nepal—are reasonably close, whereas Nepal 
is fairly distant (but close to Bhutan in the third PC, not 
shown). Tibetan groups take a central position but have 
apparently some affinities with Japan and Korea. 

Not shown here are the Balti (population about 
40,000) who are pastoral nomads, living in North Pak- 
istan, who speak a Tibetan language; on the basis of the 
few genetic data available, they show some affinity with 
the Tibetans. 

As already mentioned, Tibetan populations are histor- 
ically of northern Chinese origin, which explains their 
clustering with Altaic and northern Chinese. The two 
Nepalese populations included in the analysis diverge 
between themselves, and the genetic evidence taken at 
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face value would indicate they have different origins in 
Northeast Asia. Tibetans were originally nomadic pas- 
tors who came from the North, as already mentioned 
(sec. 4.4); a large fraction of Tibetans are still nomadic 
pastors. Data from table 4.12.1 show that Tibetans have 
the shortest distance from Butanese and from Japanese. 
Tibetans are the most loosely connected population of 
the Northeast Asian cluster. In bootstraps (chap. 2) they 
separate from this cluster 24 times of 100, twice as often 
as the next loose member, the Ainu, and then they usu- 
ally join South Dravidian members of the Caucasoid 
group, from whom they have a fairly small but poorly 
investigated genetic difference. 

The Ainu have always attracted great anthropological 
interest and were considered Caucasoid by early (Euro- 
pean) anthropologists. Those least acculturated or mixed 
are very few (Omoto 1972, 1973) and live on Hokkaido, 
the most northern Japanese island, with a few on South- 
ern Sakhalin (USSR, 1500). They were in Japan before 
the arrival of modern Japanese, and there may have been 
reciprocal gene flow. The major physical characteristic 
that differentiates them from other Northeast Asian peo- 
ple, with whom they are tied by genetic and linguistic 
similarities, is their hairiness as well as the hair form. 
This was probably the major reason for thinking of them 
as having a Caucasoid origin, but there are also some 
other isolated Mongoloid groups other than the Ainu who 
show hairiness (Alexseev 1979). The Caucasoid origin 
is still a popular suggestion in classical anthropology, 
but other hypotheses have been advanced, for example, 
that they are related to Australian aborigines, or even 
that they are an independent “race” whose genetic simi- 
larity to Japanese is due to extensive admixture. Direct 
estimates of “purity” by analysis of pedigrees of the last 
three to four generations indicated an overall non-Ainu 
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Fig. 4.12.2 Principal-component map of 21 
populations from East and Central Asia. 
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component of 40% in a sample studied by Omoto (1972, 
1973). It is not clear whether it is necessary to invoke 
sexual selection to explain the survival of a few, most 
probably genetic, traits characteristic of the Ainu like 
hairiness or hair shape. For the rest, the Ainu show no 
clear trace of Caucasoid ancestry. Omoto has also shown 
that the Ainu are Mongoloid, and not Caucasoid, on the 
basis of fingerprints and dental morphology. It is also 
possible that the Eta, the outcaste untouchables of Japan, 
are related to the Ainu (at least as judged from hairi- 
ness). Etas were strictly endogamous by law and are, or 
were, by profession butchers, tanners, executioners, and 
sweepers; the caste has not disappeared to this day and 
deserves study. Ryukyuans and Atayal aborigines from 
Taiwan were also thought to be related to the Ainu. The 
neighbors from whom the Ainu show the smallest genetic 
distance are the Hokkaido Japanese. This is not surpris- 
ing because they live on the same island; the next clos- 
est neighbors are the Ryukyuans (152 + 33). In the tree, 
however, the Ainu are outliers in the East Asian cluster. 

In the world tree (chap. 2), the Ainu show short- 
est distances from Tungus, Japanese, and Koreans; their 
distance from Australian aborigines is greater (though 
not significantly) than that of Japanese or Koreans from 
Australians; their distance from Caucasoids is perfectly 
comparable to that of Japanese or Koreans. On boot- 
strap trees, the Ainu leave the Northeast Asian cluster 
11 times of 100, second to Tibetans (who leave it 22 
times). When the Ainu are not with the cluster of North- 
east Asian populations, they are only slightly external to 
it, as outliers of a group including other Eastern popu- 
lations, but, unlike Tibetans, they never join a Cauca- 
soid group. It seems reasonable to discard the myth of a 
Caucasoid origin of the Ainu. 

Most probably, the Ainu lived all over the present 
Japanese archipelago, perhaps as early as Jomon times, 
and were largely replaced by invaders of Korean or re- 
lated origin in the first millennium B.c. and the following 
millennium. In most respects, they are northern Mon- 
goloids and fairly closely related to all populations from 
Northeast Asia. They probably owe their outlying posi- 
tion in the northern Mongoloid cluster (chap. 2) to their 
being of fairly ancient insular origin, but the genetic ef- 
fects of their ancient isolation may have been reduced 
by recent admixture with the Japanese. 

Koreans show a difference of some magnitude from 
the Ainu and the Ryukyuans but are quite similar to the 
Japanese, in agreement with the idea that Korea was the 
origin of several waves of invaders of Japan. 

Japan has been reasonably well studied and the data 
have been subdivided geographically. They all cluster 
fairly closely together and with Korea. The area of 
Kinki, the region around Kyoto, the old capital, is an 
outlier together with Kyushu, the southernmost of the 
four big islands forming the Japanese archipelago. Ex- 
amination of the distance matrix (table 4.12.1) shows a 


complex situation. As mentioned previously, the Ainu 
are least distant from the Hokkaido Japanese (127 + 
46); it is unclear whether the gene flow has been in 
one or both directions, from Hokkaido Japanese to the 
Ainu or also vice versa. The next closest to the Ainu 
are the Ryukyuans, (152 + 33), who are in a geo- 
graphic location diametrically opposed to Hokkaido with 
respect to Japan. The Ryukyu archipelago (55 islands 
south of Japan in the direction of Taiwan, including Oki- 
nawa) shows the smallest distance with the Hokkaido 
Japanese (66 + 25). Hokkaido is the most northern is- 
land and, somewhat surprisingly from the geographic 
point of view, is most similar genetically to Korea. There 
were few Japanese in Hokkaido until 120 years ago and 
this northern island still has the lowest population den- 
sity. A possible interpretation is that, before the major 
invasions of Japan from 2300-1600 years ago, the pop- 
ulation was mostly similar to the Ainu throughout the 
Japanese and Ryukyu archipelagoes. 

The tree clearly shows that northern and southern 
Chinese have different genetic backgrounds. Here, as in 
other investigations discussed later, the northern group 
always associates with Mongols or in general with speak- 
ers of Altaic languages, and the southern group with 
Southeast Asia. Modern China is a country of more 
than one billion people, and, as we saw before, has 
been densely populated for millennia. Clearly, internal 
migration has not been sufficient to create homogene- 
ity; thus, the initial peopling must have been from two 
different sources, north and south. The northern and the 
southern parts of East Asia have different histories, as 
indicated by the world tree. China was most probably 
continuously populated from the upper Paleolithic, and 
some archaeologists believe that continuous occupation 
extends back even to Homo erectus (see, e.g., Wolpoff 
1989). In spite of considerable time for migration, the 
difference has not been canceled and the genetic gra- 
dient is especially high in central China. The pressure 
by the pastoral nomads from the north has been strong 
throughout the last 2300 years and has certainly con- 
tributed to maintaining the gradient of gene frequencies, 
but the difference between north and south most proba- 
bly antedates the nomads’ expansion. We mentioned in 
section 4.9 that there are both archaeological and phys- 
ical anthropological differences between the north and 
south that go back to the Paleolithic. The northern and 
southern Neolithic of China maintained the differences, 
and the substantial population growth from agricultural 
development must have strengthened them. Changes in 
the composition of the population because of the inva- 
sion of the northern nomads probably helped maintain 
the differences. The building of the Great Wall (third 
century B.C.), aS mentioned earlier, was a response to in- 
cursions by nomads but was not sufficient to repel them. 
The north lost an estimated 35 million people, a third of 
the whole population of China and three quarters of that 
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of the northern provinces, because of massacres and sys- 
tematic genocide by the Mongols of Genghis Khan and 
his successors in the thirteenth century (McEvedy 1978; 
but different sources on Chinese historical demography 
are somewhat contradictory). At the time, some northern 
Chinese migrated to the south, but these migrations may 
have been partially reversed later. 

Today at least 52 “minorities” or isolated ethnic groups 
in China are in the process of being studied genetically. 
Some of these are known to be late arrivals (e.g., the 
Uighurs of the most western province of China), as the 
wealth of historical documentation existing in China can 
prove. Almost half of these ethnic groups live in the Yun- 
nan, a southern province, and may be enclaves of original 
inhabitants. The study of these minorities can add greatly 
to our understanding of the history of China and of all of 
East Asia. By far the majority of modern Chinese, how- 
ever, call themselves Han, the dominant group. A tree of 
the Han from the Chinese provinces, based on ABO, RH, 
and MN (Duet al. 1991) is shown in figure 4.12.3 in the 
form of a map joining provinces that cluster together at the 
first fissions. The separation is clearly between north and 
south, with the east (the lower Yangtze) being somewhat 
intermediate. Data on GM (Schanfield et al. 1979) were 
the first clear indication of a strong difference between 
north and south. Recent data on HLA (too late for inclu- 
sion in our analysis) also showed the existence of a strong 
genetic difference between north and south (Saitou, pers. 
comm.). The genetic tree shown in figure 4.12.3 is in- 
evitably affected, especially in the lower fissions, by a 
strong statistical error, given the small number of markers. 

Unambiguous results have been obtained by an anal- 
ysis of a stratified random sample of about 540,000 
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Fig. 4.12.3 Geographic display of a genetic 
tree of 28 provinces of China plus Taiwan 
(Han people only), based on ABO, MN, RH 
(Du et al. 1991). 


Han surnames from the 1982 census (Du et al. 1991). 
Surnames are transmitted only by the male line, are in- 
evitably younger than genetic polymorphisms, and are 
subject to historically known mutations. Nevertheless, 
their frequency distribution originates a tree (fig. 4.12.4) 
that is in substantial agreement with the genetic one and 
is much more detailed, thanks to the large sample size 
and the large number of alleles (i.e., surnames, which 
are over 1000). Chinese surnames are very ancient (some 
go back to late Neolithic), their historical origins are fre- 
quently known, and the great majority antedates the ma- 
jor northern invasions. In more ancient times, surnames 
were transmitted matrilinearly, a custom changed by em- 
peror’s rulings in the middle of the first millennium B.c.. 
The surname and the genetic maps are reminiscent of 
the locations of the three classical Neolithic areas. This 
is not surprising, since the major demographic increases 
that took place in the Neolithic must have blocked to a 
large extent subsequent genetic differentiation by drift 
and buffered the effects of later migrations. All the Han 
speak Sino-Tibetan languages, but genetically the north- 
ern Han are closely related to Mongolian and Japanese 
people (i.e., northern Mongoloids), and the southern 
Han to the Vietnamese and Mon-Khmer (see sec. 4.13), 
who belong to the Southeast Asian or southern Mon- 
goloid cluster. The ancient origin of the Sino-Tibetan 
languages is obscure, but more recent historical evidence 
indicates that the diffusion of Sino-Tibetan languages to 
all of mainland China (with the exception of ethnic mi- 
norities) is a consequence of the early political union 
of the whole country under northern rule at the time of 
the Qin and Han dynasties over 2000 years ago (Wang 
1991). 
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4.13. GENETICS OF SOUTHEAST ASIA 


The 25 populations to which this section refers all 
come from the Southeast Asian cluster, insular and main- 
land, with the addition of some neighbors, of which the 
South Chinese are numerically the most important. Tai- 
wan aborigines and Indian and Micronesian populations 
that are linguistically or otherwise related have also been 
included. The tree is shown in figure 4.13.1 and the PC 
map in figure 4.13.2. The PC map is based on an av- 
erage of 50 + 4.7 genes and accounts for 41% of the 
original genetic variation. 

In the tree in figure 4.13.1, based only on 31 genes, 
the first two fissions distinguish three clusters that we call 
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Fig. 4.13.1 A genetic tree of 25 populations in Southeast 
Asia. Taiwan Ab., Taiwan Aboriginal. 


Fig. 4.12.4 Geographic display of a 
genetic tree based on Han surname 
distribution in 28 provinces of China 
(Du et al. 1991). 


A, B, and C. Cluster A is large and composed mostly 
of mainland Southeast Asian populations, whereas B 
includes insular Southeast Asia and one tribal Indian 
group. A and B are more closely related to each other 
than either is to the third, which consists mostly of Pa- 
cific island populations. 


1. Cluster A. Cluster A is formed by two subclus- 
ters, Al and A2, with the Filipinos being outliers. The 
first consists of island people from Sumatra and Bali and 
three of the four Taiwan aborigines studied, to be dis- 
cussed below. It also includes the Sea Dayak or Iban 
(population 300,000) in northwestern Borneo who are, 
despite their name, riverine populations. Dayaks are be- 
lieved to have come to Borneo before the Malays, as dis- 
cussed later. Sumatra is a big island, genetically fairly 
heterogeneous. 

The A2 cluster includes as an outlier the fourth Tai- 
wan aboriginal group studied (Ami). The major group 
in A2 is very large in terms of population numbers, 
comprising of most mainland Southeast Asian popula- 
tions: the South Chinese, who number in the hundreds 
of millions; the Thai, also a large group (30 million plus 
the Tai, 10 million); the Laotians (15 million); and the 
Khmer (7 million in Kampuchea and many in Vietnam). 
The Khasi, outliers in the cluster, are mostly in eastern 
India, in Assam and the Jaintia Hills district in the state 
of Meghalaya (450,000) north of Bangladesh; some of 
them are slash-and-burn farmers. They speak a Mon- 
Khmer (Austroasiatic) language. 

The major component of this cluster is the South 
Chinese. The boundary between northern and southern 
China has been fixed approximately for the purpose of 
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this distinction, as a line intermediate between the two 
major rivers, the Yangtze and the Yellow River (Huang 
Ho): see figs. 4.12.3, 4.12.4. Clearly, despite possible 
gradients established by migration in this highly hetero- 
geneous country, southern China clusters with Southeast 
Asia, and northern China with a more northern group, 
discussed above under East Asia. It is of some interest 
that the Viet Muong (370,000), a group of Vietnamese 
living mostly in the mountains of central Vietnam and 
speaking a Mon-Khmer (Austroasiatic) language, also 
cluster with the South Chinese. A reasonable genetic 
taxonomy of the people of southern China and mainland 
Southeast Asia awaits a better set of data from a more 
representative group of all the minorities present in this 
part of the world. Our sample is far too small for go- 
ing beyond the statement that South Chinese classifying 
themselves as Han, and the few populations tested in the 
eastern part of mainland Southeast Asia, form a fairly 
compact genetic cluster. We can include in it the Zhuang 
(Chang), a tribal group or an ethnic minority in the offi- 
cial Chinese designation (13 million), inhabiting south- 
eastern China (the lowlands of the province of Guangxi 
and neighboring provinces) and speaking a Daic lan- 
guage (northern Tai). The Zhuang belong to subcluster 
A2 and associate genetically with the Semai. 

The Semai (Senoi) are a small group (18,000) of farm- 
ers in Malaysia, somewhat remote from the geographic 
center of gravity of this cluster. They speak a Mon- 
Khmer language, which may help in understanding their 
genetic association with this group. 

Taiwan had an early Neolithic development (Bayard 
1980). One of the most important Neolithic centers of 
the Yueh’ coastal culture in southeast China was found 
at Tapenkeng, not far from the Taiwan capital, Taipet. 
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Fig. 4.13.2 Principal-component map of 25 
populations from Southeast Asia. 


Much later, Taiwan was settled by three waves of main- 
land Chinese. The most important one was from Fujian 
(southeastern China), a migration starting in the eigh- 
teenth century, followed by the Hakka (from central and 
southern China, in the nineteenth century), and a smaller 
group, originating from many parts of mainland China, 
which followed Chiang Kai-shek around 1950. The Tai- 
wan Chinese of these recent migrations are very similar 
to the mainland Chinese from whom they separated, as 
clearly shown by surname studies (Du et al. 1991). The 
analysis of surnames of Chinese settlers in Taiwan fol- 
lows very closely the history of settlement of the island, 
which is well known (Chen and Cavalli-Sforza 1983). 
The Taiwan aborigines, who inhabited the whole 1s- 
land before these recent migrations, are now mostly 
confined to the chain of mountains rising near the east- 
ern coast. They speak at least 10 different languages. 
One group, the Ami (100,000 people) is the largest 
and lives on the southeastern coast. Nine other groups 
total approximately 100,000 individuals (Bunun, Pai- 
wan, and Atayal number 18,000, 20,000 and 20,000, 
respectively). All languages are Austronesian, belonging 
to two (or more) independent branches; of those repre- 
sented in our sample, the Ami, Bunun, and Paiwan are 
more closely related, whereas the Atayal are separate. 
In the genetic tree, the four groups are all in the same 
subcluster, but the Ami are somewhat removed from the 
others, as they are also in the PC map. Genetic differ- 
ences between the four linguistic groups are not striking, 
however, as can be seen in the Fsp distance matrix (table 
4.13.1). They are higher between the Ami and the oth- 
ers, ranging from 301 to 375 with high standard errors, 
whereas among the other three groups distances range 
from 104 to 227. Given the very few genes examined 


Table 4.13.1. Genetic Distances (in the lower left triangle of the matrix) and Their Standard Errors (in the upper right triangle of the matrix) between Populations in Southeast Asia 
(all values x 10,000) 
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(among the lowest in the Southeast Asian sample) and 
the chances of drift, there is little point in discussing the 
imperfect agreement with the linguistic tree. 

In an earlier study (Chen et al. 1985) comparing one 
small group of Taiwan aborigines with Southeast Asian 
populations, it was shown that there is a regular gradient 
of gene frequencies across the Southeast Asian islands 
and that the Filipinos were genetically the nearest pop- 
ulation (they are also geographically close). However, 
some Taiwan aborigines may have settled in the island 
in late Paleolithic or early Neolithic times before the is- 
land became separated from mainland China. A genetic 
contribution from other immigrants by sea, and by gene 
flow from Taiwan Chinese, are also possible and may 
blur the picture. 

The Filipino appear as an outlier in subcluster A. They 
inhabit the archipelago of the Philippines, over 7000 is- 
lands northeast of Borneo with a population of about 38 
million. Unlike the rest of Southeast Asia, these islands 
were colonized by Spain, which led to developments not 
found in most other colonies in the area. The first in- 
habitants of the Philippines were most probably Negri- 
tos, of which there remain scattered enclaves in these 
islands, in other parts of Southeast Asia, and beyond 
(Omoto 1985). Later occupants were probably Malays, 
who perhaps came to the Philippines from Indonesia; 
much more recently, starting in the tenth century, Chi- 
nese immigrants formed a fairly large group of Filipino- 
Chinese. 


2. Cluster B. Cluster B includes Malays (5 million 
people in Malaysia, over 3 million in Indonesia), Ja- 
vanese (48 million), people from Sarawak, a region of 
northwestern Borneo, which is part of East Malaysia, 
and from Kalimantan (the greatest part of the island of 
Borneo, under Indonesian rule). The population of Bor- 
neo is about 4 million in the Indonesian part, and that of 
Sarawak about | million. As in all of Indonesia, there are 
many ethnic groups: in Borneo, Malays are found mostly 
on the coast, while Dayaks are mostly in the interior. 

In cluster B one also finds the Munda, who have a very 
different geographic location, India. They speak Aus- 
troasiatic languages and form 10 distinct tribal groups 
(5 million total). The Munda inhabit hilly and forested 
areas, fairly poor for agriculture, of the three most east- 
ern states of India: West Bengal, Orissa, and Madhya 
Pradesh. Another group speaking a Munda language is 
located farther to the west, in central India. 


3. Cluster C. Cluster C, which is fairly distant ge- 
netically from A and B, contains only insular popu- 
lations, including the Yapese (5000) from the western 
Caroline Islands; the Kanaka (somewhat over 1000) from 
Saipan in the Mariana Islands (where they moved from 
the Caroline Islands a few centuries ago after the island 
was left by the Chamorros); the Toba Batak, like other 
Batak a large group from the northern part of Sumatra 
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(2 million). Other Sumatrans are in cluster Al. We have 
no specific information that might help to explain their 
presence in this cluster. 

Palau islanders and Negritos (which in our sample 
come mostly from the Philippines) form a fairly loose 
pair in this cluster. Palau and Yap are small islands in 
the western Carolines, in the Pacific Ocean. One rea- 
son for studying them here is that Yapese, Palauan, 
and Chamorro languages are three isolated branches 
of Western Malayo-Polynesian, like other populations 
studied here, whereas Pacific island populations speak 
languages of another branch of Austronesian (central- 
eastern Malayo-Polynesian). Chamorros were not con- 
sidered because they are known to have hybridized fairly 
heavily with Spanish colonizers and with Chinese. 

Negritos’ physical anthropology shows short stature, a 
broad nose, and yellowish-brown skin, all characteristic 
traits of populations from the tropical forest, as well as 
Australoid features like curly to frizzy hair, large teeth, 
and a projecting jaw. Women are frequently steatopy- 
gous. They are found mostly in the Philippines (where 
our samples come from), but also in Malaysia (Semang) 
and the Andaman Islands. We have already discussed 
the Andamanese, which are unfortunately too poorly 
known genetically. Negritos show similarities with Mi- 
cronesians and Melanesians and also with inhabitants 
of several islands south of the Philippines, which are, 
however, poorly known genetically. They may be a relic 
of some of the earliest immigrants to Southeast Asia, 
who were once much more widespread. Their associa- 
tion in the tree with Palauans may be due to poor ge- 
netic knowledge of this last population; but it is inter- 
esting to note that Palau islanders have dark skin, which 
has been attributed to contacts with New Guinea (Bell- 
wood 1979). Clearly, there is, in Southeast Asia and 
Oceania, a dark-skinned genetic substrate, probably re- 
sulting from earlier immigrations. Some of these immi- 
grants, living in marginal environments, remained rela- 
tively unmixed, especially where later migrations (e.g., 
of Malayo-Polynesians) have had a lesser genetic impact. 
In highly populated areas, contact was unavoidable and 
often sufficient to cause language replacements. More- 
over, some Negritos, especially in the Philippines, are 
relatively highly acculturated even though they remain 
reasonably endogamous. 

The PC map (fig. 4.13.2) shows similarities with the 
tree in the sense that the first principal component sepa- 
rates cluster C from A and B, that is, the small Pacific is- 
lands plus Negritos from the rest; the second component 
less clearly separates A and B, with some discrepancies. 
Most probably this is another indication of the weakness 
of genetic data from Southeast Asia, which have, on the 
average, only 31 genes. The Munda are extreme out- 
liers according to the second component, indicating that 
they should probably not be analyzed with these popula- 
tions. The Toba Batak seem to associate more easily with 
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cluster A than with C. The Sea Dayak and Semai show 
greater similarity to the B cluster than to Al. Semai and 
Zhuang separate widely according to the second PC. 

The Southeast Asian populations form a fairly com- 
pact cluster (see chap. 2) when compared with other ma- 
jor human genetic clusters, but we feel less comfortable 
about their internal subdivisions. Our attempt to conduct 
a more detailed analysis within the group has certainly 
suffered from the considerable poverty of genetic mark- 
ers, in spite of our limiting the analysis to the better- 
known populations. In addition, the degree of admixture 
of the majority of local people is often such that many of 
them can hardly be considered “aboriginal” in a narrow 
geographic sense, even though recent admixtures with 
external groups like Chinese or Caucasoids are proba- 
bly not the source of the problem. The migrations of 
Malays, and perhaps other groups, may have generated 
considerable genetic homogenization in the area. The 
homogenizing effect, however, may have been greater 
for clusters A and B, which are therefore more similar 
to each other, than for cluster C, which may have pre- 
served a little more closely the genetic characteristics of 
earlier occupants. 

The clusters indicated by the genetic tree retain some 
correlation with the linguistic classification, despite nu- 
merous language replacements. A possible interpreta- 
tion of the association in figure 4.13.3 is that Western 
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Fig. 4.13.3 Genetic and linguistic 
classification of Southeast Asian 
populations. 


Malayo-Polynesian languages have been adopted by sev- 
eral populations of all genetic clusters, again as a conse- 
quence of the extensive migrations of these people. The 
speakers of these languages are part of a culture that was, 
as is well known, made up of exceedingly enterprising 
colonizers and navigators. In other words, the hypothesis 
suggested by the table is that Western Malayo-Polynesian 
languages were adopted by several populations in the 
area together with the whole culture, but with different 
degrees of genetic admixture, and that this admixture 
was least important for cluster C. The Munda constitute 
a special case. It seems likely that they retained their 
original language after migration to India but did mix to 
some extent with the local populations. 

Not included in the count in figure 4.13.3 are southern 
Chinese, who speak Sino-Tibetan languages most prob- 
ably because of the influence of northern Chinese for the 
last two millennia. Also excluded are Negritos, whose 
likely greater antiquity in the area and lower level of in- 
dependent development make it probable that their orig- 
inal language was lost. Whatever the interpretation, the 
genetic data for Southeast Asia are weak enough that 
the detailed analysis done above should be considered 
of uncertain validity. It has at least the merit of showing 
that the number of genes that we have been able to use 
here is probably inadequate for a rigorous analysis of the 
internal differentiation within Southeast Asia. 


4.14. GENETICS OF SOUTH ASIA (THE INDIAN SUBCONTINENT) 


South Asia, more specifically the Indian subcontinent, 
includes the countries of India, Pakistan, Sri Lanka, and 
Bangladesh. It is a highly heterogeneous region from 
a historical point of view. The population is large and 
growing rapidly (over 800 million). The major division 
is linguistic: the most numerous are the Indo-European 
speakers, followed by Dravidian (150 million) in the 
south, and a smaller number of speakers of Austroasi- 
atic and Sino-Tibetan languages. Most Austroasiatic 


speakers are Mundas, living in the forests of central and 
northern India, whom we already discussed in South- 
east Asia. They are agriculturists, some of them slash- 
and-burn farmers, except for a few (e.g., the Birhor, 
population 590) who are hunter-gatherers. Sino-Tibetan 
languages are spoken only in the northeastern part. 

An important group of populations in India are the 
tribals, officially called Scheduled Tribes in the 1951 
census (Vidyarthi 1983), who are spread over many re- 
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Fig. 4.14.1 Genetic tree of 28 South Asian populations. 
Cl] Dravidian is the group comprising Brahmin Telugu, 
Chenchu, Gondi, Konda, and Javara Telugu. C2 Dravidian 
comprises Kolami Naiki and Parji Gadaba. 


gions in the north and the south but are also found in a 
wide central band of territory. Their geographic distribu- 
tion is shown in figure 4.6.1. Only a few have been stud- 
ied with an adequate number of markers. Tribes are often 
fragmented in different small groups occupying different 
locations, spread over many states. Different groups of 
the same tribe may have different gene frequencies, be- 
cause of various degrees of admixture with neighboring 
populations and drift in the smallest groups. Therefore, 
even when more extensive data become available, they 
may not be representative of the whole tribe. Even if they 
are, when tribes are very small, the data may have been 
altered by extreme drift. Tribals may represent relic pop- 
ulations of unknown origin but potentially great genetic 
interest, or intrusive populations whose origin is often 
known to some extent. Language may help in distinguish- 
ing the two cases, as for instance with the Munda, who 
are probably intrusive, given that the family to which 
their language belongs has a relatively large area of dis- 
tribution, but they occupy a peripheral position in it. 
There are in the subcontinent other populations of 
even greater interest, like the Hunzas, whose language, 
Burushaski, is an isolate regarded by most linguists as 
unrelated to any other language or family (but perhaps 
related to Caucasian; Gamkrelidze and Ivanov 1990). 
Unfortunately, the Hunza (40,000) are located in a moun- 
tainous region of northern Pakistan and have not been 
given adequate genetic attention. Another linguistic 1so- 
late in India, the Nahali, is a small group located in Ma- 
dhya Pradesh (1200). Extremely limited genetic knowl- 
edge, totally inadequate for our aims, exists for the only 
Dravidian-speaking enclave in Pakistan (south-central re- 
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gion), the Brahui, who number about 225,000 people. 
They may not differ much genetically from other low- 
land Pakistanis; but their language suggests they had 
fewer contacts, and perhaps less admixture with incom- 
ing Indo-European speakers. 

The genetic tree (fig. 4.14.1) collects 28 large, better- 
studied groups of Dravidian and non-Dravidian-speaking 
people and a few reasonably well analyzed smaller 
groups. In spite of choosing the best-known populations, 
genetic knowledge remains rather limited (see also Roy- 
choudhury 1974, 1977, 1983), and in spite of consider- 
able elimination of some peoples and pooling of others, 
in order to increase the number of genes per population, 
we have only 47 genes, on the average. 

The Kadar, a small tribal group (about 1000 individu- 
als) in Kerala, is a major outlier. This may be due to drift 
but is interesting because, morphologically, the Kadar 
are considered an Australoid group in India (Vidyarthi 
1983). Extreme types have some Negrito characters — 
that is, frizzy hair instead of straight or wavy hair and 
especially dark skin— but it has been suggested that some 
observed examples of frizzy hair are due to rare admix- 
ture with Africans (Saha et al. 1974). The Kadar are 
nomadic; they do not farm but do not like to live as for- 
agers. They work as laborers or as specialized collectors 
of commercial tropical plants. 

Less extreme outliers are the Gurkhas (6 million in 
Uttar Pradesh—speaking Indo-European languages), from 
Nepal, who have been discussed previously, and in this 
tree show affinity with the Tharu (600,000 in Nepal). 
The next outliers are a pair, the Kanet (about 26,000) in 
Himachal Pradesh and Gujarat, probably with Tibetan 
admixture, and the Uttar Pradesh Brahmin, an unex- 
plained association. 

There are two major clusters in the tree, A and B. Clus- 
ter A is made of 10 populations and is linguistically het- 
erogeneous. A subcluster is formed by three Dravidian- 
speaking groups (one northern and two central Dravidian 
groups, Cl and C2) and the Austroasiatic speakers, the 
Munda. We have already discussed the Munda in the 
section on Southeast Asia; they are spread over vari- 
ous central and northeastern states. The Cl Dravidian 
group includes the Chenchu-Reddi (25,000), the Konda 
(16,000), the Koya (210,000), the Gondi (1.5 million), 
and others, all found in many central and central-eastern 
states, though most data come from only one or a few 
locations. The C2 Dravidian group includes the Kolami- 
Naiki (67,000), the Parji (44,000), and others; they are 
located centrally, a little more to the west. North Dra- 
vidian speakers are the Oraon (23 million), who overlap 
geographically with some of the above groups but are 
located in a more easterly and northerly direction. 

The rest of the first cluster includes only Indo- 
European speakers: one subcluster is made up of the 
Maratha (50 million, in Maharashtra and neighboring 
states), known champions of Hinduism. They have the 
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distinction of being the most similar to the Brahmins 
from the same region. The Bhil (1.2 million) are found 
mostly in mountainous areas, in the central zone of In- 
dia. The Rajbanshi live in West Bengal, Bangladesh, 
and Nepal. A small subcluster that is an outlier of the 
first cluster is formed by Brahmins of West Bengal and 
Parsi. The latter are Zoroastrian followers from Persia 
who migrated to India in the seventh century A.D. and 
now speak a Gujarati dialect. The association found in 
this small subcluster is also difficult to understand. 

The second major cluster, B, contains a minor sub- 
cluster Bl formed by Sinhalese, Lambada, and South 
Dravidian speakers. Sinhalese is the language most 
widely spoken in Sri Lanka, where Tamil speakers num- 
ber only 3 million, and the most likely aborigines, the 
Veddahs (numbering 411 in 1963) speak another Indo- 
European language that is being rapidly replaced by Sin- 
halese. The South Dravidian group includes a number 
of small tribes like the Irula (5300) in several southern 
states but especially Madras, the Izhava in Kerala, the 
Kurumba (8000) in Madras, the Nayar in Kerala, the 
Toda (765), and the Kota (860 in 1971) in the Nilgiri 
Hills in Madras (Saha et al. 1976). Large groups include 
the Malayaraya (22 million), various other populations 
from Kerala, and the Tamil (45 million) in Madras and 
in Tamil Nadu. 

The second subcluster, B2, comprises 10 Indo- 
European speaking groups, 3 of which are Brahmins. 
Kerala Brahmin associate with the tribal Koli (750,000; 
Papiha et al. 1980) spread over many states and with 
the sample of Pakistani, forming a small subcluster. A 
second small subcluster includes the Vania Soni from 
Gujarat (Undevia et al. 1978); the Jat (linguistically a 
group of Western Hindi, from north-central India; Das 
et al. 1978); and people from Bombay of unspecified 
origin. A third subcluster includes unspecified people 
from Punjab, Brahmins from Punjab, a number of Indo- 
European speakers of Central Indic languages not in- 
cluded in the groups mentioned before, and the Rajputs. 
The Rajputs (11 million) live in northern and central 
India; they are landowners and their name comes from 
the royal dynasty that occupied Rajasthana in the eighth 
century A.D.. 

Data pertaining to Brahmins of various geographic 
origins were separated from the others in order to test 
whether this, the highest caste, shows similarities among 
subcastes of different geographic locations. At least in 
this tree analysis, the result has been negative: the six 
Brahmin groups do not tend to associate among them- 
selves. A similar conclusion was obtained by Karve and 
Malhotra (1968). Only in two cases do they show affinity 
with local people of other castes (Punjab, Maharashtra). 
If there is any genetic kinship among Brahmins of differ- 
ent geographic origins, it must have been blurred, prob- 
ably by drift following geographic isolation. Because 
marriage outside the caste is not accepted, endogamy is 


likely to be especially strict among Brahmins, the high- 
est caste. It is clear, however, that Brahmin marriages 
are subject to geographic constraints, and their caste is 
far from being one in all of India; there are probably a 
great many different Brahmin jatis that are totally seg- 
regated genetically. If they had a single origin, they are 
now highly differentiated. On an entirely different basis, 
other scientists (Chakraborty and Roychoudhury 1978) 
came to the same conclusion, that drift is the major fac- 
tor responsible for genetic differentiation in India. Al- 
though tribals do not usually accept the caste structure, 
social customs, geographic isolation, the small size of 
some tribes, and the extensive geographic fragmentation 
of practically all tribes are likely to have contributed to 
genetic diversity. Tribals are more open to external mar- 
riage, however, and similarities between them and caste 
Indians could thus arise. 

The linguistic differences account for much of the 
genetic diversity, considering that the three major Dra- 
vidian groups from central and southern India are reason- 
ably similar, but the pattern of genetic and linguistic dif- 
ferentiation is complex; there must also be a geographic 
component, which is difficult to separate in this case. 

The Kerala Kadar are remote genetically from the 
other Dravidians, but they are also different anthropo- 
scopically (Saha et al. 1974). Moreover, if this group 
has been as small as it is now for a long time, its gene 
frequencies would be expected to have scattered in all 
directions. We later compare the Kadar in more detail 
with other groups. Dravidians, although clustering to- 
gether, do not separate from Indo-European speakers at 
the first or second fission. This indicates considerable 
admixture. Although Indo-European speakers are found 
in the whole subcontinent, their genes must have been 
considerably diluted as they went through the center and 
south. 

The PC map (fig. 4.14.2) of the first two components, 
based on 46.6 + 4.6 genes on average, accounts for 33% 
of the variation. The first PC tends to separate, though 
imperfectly, north and south. Dravidians are mostly lo- 
cated at the center of the first PC and are all of the 
same sign with the third PC (not shown), but are not 
the only ones with this property. Brahmins tend to clus- 
ter together toward the center but do not form a close 
cluster. 

Geographic maps of single genes, as exemplified in 
Piazza et al. (198la), have shown a peculiarity of In- 
dia: great microgeographic variation making the fit of 
gene-frequency surfaces especially difficult. The sim- 
plest explanation is the accumulation of the effects of a 
widespread net of tribals and those of the caste struc- 
ture, both of which create a multitude of endogamous 
pockets. Considerable random genetic variation at a rel- 
atively short distance is thus generated. Theoretically, 
there are only four Indian castes (and two among Dra- 
vidians, who do not have warriors’ and traders’ castes). 
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In practice, there are many more than four because of 
territorial isolation, which is always present and often es- 
pecially strong (see sec. 4.6). Thus, the gene-frequency 
surface is rich in peaks and troughs, impossible to fit ex- 
cept with very complicated surfaces that are well be- 
yond the sophistication of ordinary fitting methods. 
When the goodness-of-fit of the surfaces interpolated for 
the most extensively investigated genes (Piazza et al. 
1981a) was tested, considerable statistical heterogeneity 
(i.e., error beyond random sampling variation) was de- 
tected. The analysis of geographic variation is therefore 
more difficult in India than in most other parts of the 
world. 

It is reasonable to agree with other authors (e.g., Vid- 
yarthi 1983) that there are at least four major components 
of the genetic structure of India, which we interpret in 
the following way: 


1. The first component (Australoid or Veddoid) is an older 
substrate of Paleolithic occupants, perhaps represented to- 
day by a few tribals, but probably almost extinct or largely 
covered by successive waves and presumably leaving no 
linguistic relics, except perhaps for the Hunza and Nahali. 
There seems to be no linguistic trace of the Australoid- 
Negrito language but Andamanese speak languages of the 
Indo-Pacific family. This may or may not be their original 
language. 

2. The second is a major migration from western Iran 
that began in early Neolithic times and consisted of the 
spread of early farmers of the eastern horn of the Fertile 
Crescent. These people were responsible for most of the 
genetic background of India; they were Caucasoid and 
most probably spoke proto-Dravidian languages. These 
languages are now confined mostly, but not exclusively, to 
the south because of the later arrivals of speakers of Indo 
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European languages who imposed their domination on 
most of the subcontinent, especially the northern and 
central-western part. But the persistence of a very large 
number of speakers of Dravidian languages in the cen- 
ter and south is an indirect indication that their genetic 
identity has not been profoundly altered by later events. 

3. The most important later arrival was that of Indo- 
European speakers, the Aryans, who, about 3500 years 
ago entered the Indian subcontinent from their original lo- 
cation north of the Caspian Sea, via Turkmenia and north- 
ern Iran, Afghanistan, and Pakistan (see sec. 4.6). 

Even if the Aryans spread to the south of India in a 
fragmentary and incomplete way, they did arrive as far 
south as the island of Sri Lanka, where only 20% of the 
population speaks Dravidian languages today and where 
even the few surviving Australoid-looking aborigines, the 
Veddahs, now speak the dominant Indo-European lan- 
guage. Indo-European speakers were also successful in 
spreading north as far as Nepal, where the official lan- 
guage, Nepalese, is spoken by about half of the popula- 
tion and is Indo-European. 

4. In the northeast and in the center, the many populations 
speaking Austroasiatic and Sino-Tibetan languages are a 
witness to other major migrations and infiltrations, mostly 
from the east and northeast. These are even less well 
known than the other three components and probably more 
diverse. In the case of the Munda, their genetic similarity 
with Dravidians indicates that their migration may have 
taken place before the Aryan expansion to the eastern part 
of India. 


The presence (in very small numbers) of anthropo- 
scopically Australoid types in southern India has always 
attracted much attention. Groups other than those already 
mentioned in India have some of the classic Australoid 
characteristics such as darker skin, sometimes frizzy hair, 


242 CHAPTER 4 


and small stature. The Negritos of the lesser Andaman 
Islands (politically Indian), the Semang of Malaya, and 
the Negritos of the Philippines have had less admixture. 
In the Indian mainland, less adulterated survivors may 
not exist but several minor tribes are worth examining. 
The disappearance of the original languages is not sur- 
prising or unprecedented; the languages of African Pyg- 
mies have also become extinct, but the African tropical 
forest may have permitted greater genetic conservation 
of its inhabitants. Almost all reputed survivors of this hy- 
pothetical Australoid population are on islands that were 
mostly connected with the mainland in earlier times. It 
is tempting to speculate that the migration from Africa 


4.15. GENETICS OF WEST ASIA 


The region of West Asia as we define it here includes 
Iran, Afghanistan, Arabia, the Middle East, Turkey, 
and the Caucasus. It thus includes essentially all extra- 
European Caucasoids living in Asia, other than South 
Asia (see sec. 4.7). 

The genetic tree (fig. 4.15.1) of 18 populations (aver- 
age number of genes 53.7 + 5.1) distinguishes a minor 
cluster made up of Arabs from the Arab peninsula and 
a major one with all the other populations. The small 
cluster includes all South Arabs except the Kuwaitis. It 
was necessary to define Saudis and Yemenites according 
to countries. Bedouins, however, could be kept separate. 
They are nomadic herders (their name means nomads) 
and are found in all Arabic countries, being about a 
tenth of the total population. Bedouins spend the win- 
ter in the desert and the summer in less dry, cultivated 
parts of the country, and maintain a tribal organization. 
As mentioned in chapter 3, they participated in at least 
one and probably two major invasions of northern Africa 
in historical time. Arabs separate in the tree from other 
populations of the Near East. 
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Fig. 4.15.1 Genetic tree of 18 populations in West Asia. 


to Southeast Asia and Australia happened mostly by the 
way of the coast. Boats or rafts had to be used by the 
earliest Australian aborigines in order to enter that con- 
tinent, as has already been mentioned, and it would not 
be too surprising if all or most of the migration of a.m.h. 
to Southeast Asia and Australia from Africa had taken 
place along the coast. Genetic traces of this migration 
may no longer exist, or may be very difficult to find. 
However, as has been repeatedly emphasized, Dravid- 
ian populations are not genetically similar to Australian 
populations (Kirk and Thorne 1976), as an analysis of 
the world data (sec. 2.3) has confirmed. 


The major cluster shows two subclusters: the smaller 
one consists of inhabitants of the northern region of the 
Caucasus, Armenians, Pathans, and the Hazara Tajiki. 
The Tajiki speak an Indo-European language of the Ira- 
nian subgroup; they are believed to be descendants of 
sedentary farmers of central Asia who spread north and 
east from Iran in Neolithic times. They live mostly in 
the USSR (3 million) and were even more numerous in 
Afghanistan. The Hazara Tajiki are from northern Pak- 
istan. Armenians (about 5 million) live in the Armenian 
Republic of the USSR, in Northern Iran, and in many 
other countries. Large numbers once resided in eastern 
Turkey, but the recent genocide of Armenians there (de- 
nied, however, by the Turkish government) is said to 
have eliminated or dispersed perhaps 95% of them. Ar- 
menians have an ancient civilization and a highly de- 
veloped culture. Probably, their ancient name was Urar- 
tians as was that of the non-Indo-European language they 
spoke earlier (see fig. 4.7.2). The Pathan, whose Indo- 
European language is called Pushtu or Pashtun, are be- 
lieved to be originally from Afghanistan, where 8 mil- 
lion of them live today, with an additional 7 million 
in northern Pakistan. The Pathan migration to Pakistan 
is believed to have occurred between the thirteenth and 
sixteenth centuries A.D.. Over 3 million recent Afghan 
refugees to Pakistan are Pathan herdsmen, farmers, or 
warriors. The language is classified as East Scythian and 
is likely to have come from the north with the invasion 
of pastoral nomads from the western steppes. 

The larger subcluster has the Kuwaitis as an outlier. 
Kuwait is a small Arab country, extremely close geo- 
graphically to a region traditionally occupied by Sume- 
rians, the oldest civilization in Mesopotamia. Until a 
few years ago, a distinctive group—who, until the re- 
cent Iran-Iraq war, built huts in the shape characteristic 
of those of the Sumerians—in the marshes of southern 
Iraq. They were probably dispersed or destroyed by the 
fighting. The Kuwaitis were geographically very close 
and might show similarity to them. In any case, they are 


somewhat distinct from other people of the Arab penin- 
sula. The rest of the subcluster contains nine populations 
that form two groups, not clearly distinguishable from 
each other geographically or linguistically. 


1. The Svani (35,000) speak a South Caucasian language 
and are from Georgia in the south Caucasus. They asso- 
ciate with the Caspians. 

2. The Caspians are from northern Iran near the Caspian 
Sea (more than 3 million). 

3. The Kurds, from western Iran, total about 6.5 million. 
They live in a region at the border between Turkey, Iran, 
and Iraq, but also in neighboring countries, and speak 
a distinctive Iranian (Indo-European) language. Some 
groups are still nomadic or seminomadic and often retain 
a tribal structure. They pair very closely with the Iraqis. 

4. The Iraqis are defined by the country of origin, after 
exclusion of Iraqi Kurds. | 

5. The Assyrians are a fairly homogeneous group of people, 
believed to originate from the land of old Assyria in north- 
ern Iraq. A capital of Assyria, Nineveh, was not far from 
the modern city of Mossul. There are still 70,000 Assyri- 
ans in Iraq, living between Mossul and Arbil (fig. 4.7.2), 
and another 100,000 in neighboring countries. Their lan- 
guage is Aramaic (Semitic). They pair loosely in the tree 
with Jordanians. 

6. Jordanians are defined by their country of origin. 

7. Druzes (300,000) are an Islamic sect that originated 
shortly after a.p. 1000; they live in Arabic-speaking coun- 
tries, mostly Syria, but also in Israel, Lebanon, and Jor- 
dan. They pair, not surprisingly, with the Lebanese. 

8. Lebanese are defined by their country of origin. Lebanon 
was once the country of the Phoenicians. 

9. Iranians are defined by their country of origin, after ex- 
clusion of Kurds, who live in the northwest, and Caspians, 
who also live in the northwest, but nearer the sea. They 
pair loosely with the Turks. 
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10. The Turks are also defined by the country of origin. 
Turkey, once Asia Minor or Anatolia, has a very long and 
complex history. It was one of the major regions of agri- 
cultural development in the early Neolithic and may have 
been the place of origin and spread of Indo-European lan- 
guages at that time. The Turkish language was imposed 
on a predominantly Indo-European-speaking population 
(Greek being the official language of the Byzantine em- 
pire), and genetically there is very little difference be- 
tween Turkey and the neighboring countries. The number 
of Turkish invaders was probably rather small and was ge- 
netically diluted by the large number of aborigines. Turks, 
a political definition, are certainly rather heterogeneous 
and would deserve a more detailed genetic analysis if the 
data were available. 


Omitting the Arab cluster, which occupies chiefly 
the southern part of the Middle East and is sepa- 
rated from the northern part by a large desert, there 
is some linguistic difference between the two subclus- 
ters of the major cluster. In the small subcluster are 
three Indo-European-speaking groups and one North 
Caucasian one (not well-defined linguistically, but prob- 
ably speaking North Caucasian languages). In the large 
subcluster are three Indo-European-speaking popula- 
tions, one speaking a South Caucasian language, one 
speaking a Turkic language, and five speaking Semitic 
languages. 

The clustering by geography and, subordinate to ge- 
ography, by language, is even clearer in the PC map (fig. 
4.15.2), which accounts for 54% of the original genetic 
variation. The Arabian populations form the right pole 
(as usual, the first PC corresponds to the first tree fis- 
sion). At the left pole, the second PC tends to segregate 
the Semitic populations in the upper left quadrant (ex- 
ceptions are the Kurds and Turks); and in the lower 
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Fig. 4.15.2 Principal-component map of 18 
populations from West Asia. 


Table 4.15.1. Genetic Distances (in the lower left triangle of the matrix) and Their Standard Errors (in the upper right triangle of the matrix) between Populations in West Asia (all values x 10,000) 
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left, the non-Semitic ones, Indo-European and Cau- 
casian. 

Table 4.15.1 shows Fy genetic distances in West 
Asia. It is of special interest to consider Turks, the 
only major group in the region that speaks a language 
originated at a great geographic distance (probably in 
the Altai region). They differ very little from all their 
nearest geographic neighbors, showing distances almost 
always less than 100, with relatively small standard 
errors. From data used for building figure 4.15.1, the 
distance of Turks is 104 + 55 from Turkmen, 167 + 
67 from Uzbek (not significant because of poor genetic 
knowledge of the latter tribes), varying between 453 
and 735, all highly significant, from all other Turkic 
languages speaking populations shown in figure 4.12.1 
(Tuva, Yakut, Altai). There has been a considerable di- 


4.16. GEOGRAPHIC MAPS OF SINGLE GENES 


Asia 1s probably the most difficult continent to study 
from the point of view of genetic geography. The varia- 
tion in population density is the major factor responsible 
for this difficulty. Three large areas have very low pop- 
ulation densities, below one inhabitant per km?: Arabia, 
the western part of China (including Sinkiang, Tibet, and 
Mongolia), which are mostly deserts, and Siberia. It is 
not surprising if observations in these regions are scarce; 
in fact, looking at the most thoroughly investigated lo- 
cus, ABO, one can detect the desert regions simply by 
looking at the areas in which the density of observa- 
tions is lowest. For the least investigated genes, there 
are very large regions in the interior of Asia for which 
no data were found. As a consequence, they seem to 
have flat gene-frequency maps. However, the location 
of data points is always indicated, and it is easy to un- 
derstand the reason for the apparent flatness. We think 
several of these maps are still useful because they are 
informative, at least for areas for which data are avail- 
able. Another difficulty is generated by two very highly 
populated regions, India and China, which themselves 
constitute almost half of the world’s population. India is 
especially rich in data on blood groups, but its great het- 
erogeneity is visible in the high frequency of statistically 
heterogeneous locations. China was very poorly studied 
until a short while ago, and the most recent observations, 
usually published in Chinese journals, came to our at- 
tention too late for inclusion in most of our calculations 
and maps. 

Compared with the rest of Asia, Japan has been very 
intensively studied, especially for genes known for a 
longer time. We have partially solved the graphic prob- 
lem thus generated by increasing the relative size of 
Japan with respect to the rest of Asia by about 60%. 
For some other islands, rectangles covering the area of 
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lution of Mongoloid genes in the peoples of Central Asia 
(Turkmen and Uzbek), and a practically complete dilu- 
tion in Turkey, as far as these data show. Especially in 
Turkey, but to a lesser extent also in Central Asia, lan- 
guage replacement has occurred essentially without, or 
with very little, gene replacement. Better genetic data 
would allow the calculation of admixture frequencies, 
but it is likely that they will differ considerably at a mi- 
crogeographic level. The relevant historical events have 
been quite recent, and there has not been much time for 
a smoothing of differences by migration. 

In spite of the complex history of the Middle East and 
the great number of internal group migrations revealed by 
history, as well as the mosaic of cultures and languages, 
the region is relatively homogeneous, as we shall see in 
the last section of this chapter. 


the islands were shaded as appropriate for the island, but 
only in cases for which data were available. Rectangles 
are of a size such that the density of the shading should 
be perceptible even if the gene frequency happens to be 
very low. 

The number of deviations is larger in the ABO system 
than for most other genes. This must be a consequence of 
the great density of observations in the same location. 
The concentration of heterogeneities is especially high 
in India where many different castes may live within the 
same area defined for map purposes. Moreover, the en- 
dogamy of castes inevitably generates considerable drift, 
as already discussed in section 4.14. 

The O allele shows a maximum in central-northern 
Siberia and minima in Korea, Turkmenia, and the east- 
ern Himalayas. The maximum is of potential interest 
because it may give an indication of the tribe(s) that 
contributed to the first wave of American settlers. The 
distance of the location of the maximum from the north- 
east is not necessarily an impediment to accepting the 
correlation, given that in the last three centuries there 
has been much tribal movement in Siberia. More seri- 
ous is the objection that Siberian tribes are subject to 
considerable drift because of small population densities. 

The A allele has maxima in two greatly separated 
regions, Turkey and southern Japan and Korea. B has 
maxima in the Himalayan region and various parts of 
Siberia, including one not far from the O peak, where 
there is, as expected, a minimum. A/ is low where both 
O and B are high and also in southern Pakistan and cen- 
tral India, with a maximum around the northern Sea of 
Japan. The central part of Asia has almost no information 
for A/ and A2. A2 is practically absent in East Asia and 
shows a maximum in Lebanon. It is unfortunate that the 
ABO system, for which there is more information than 
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for any other locus, is perhaps least reliable as an ethnic 
tracer, given its strong correlation with various infectious 
diseases. 

The variograms of the ABO system show intermediate 
values of the slope (around 0.5 x 10~° per mile) with a 
linear portion that sometimes reaches 2000 miles. A/ is 
the only allele with a flatter initial portion of the slope. 

Acid phosphatase (ACP/) has a strong maximum of 
allele A in the extreme northeast. It is highly correlated 
with climate, but the high frequency does not extend to 
regions of northwestern Siberia. Here allele B has in- 
stead a maximum, and another is found in southwest- 
ern Arabia. Allele C is rare in most areas and reaches a 
small maximum in southwestern Iran. Variogram slopes 
are high for the first two alleles. 

Adenosine deaminase (ADA */ ) is essentially unknown 
in the north. Here the map repeats the patterns observed 
in the south where there is a fairly regular east-west 
gradient with a minimum in western India and Pakistan. 

Adenylate kinase 1 (AK/ */ ) shows a south-north gra- 
dient in the center, the east showing frequencies compa- 
rable to those of northwestern Siberia. Variograms of 
this and the preceding enzyme are fairly regular. 

Cholinesterase 1 (CHEI*U) is also very poorly 
known in the north and center. There are minima in In- 
dia and Turkey. The variogram is invalid because of the 
very poor geographic distribution. 

CHE2 is somewhat better known, but there 1s little 
variation of the rare positive (+) allele. The variogram 
is accordingly flat. 

Knowledge of C3 *S is limited almost exclusively to 
West Asia, India, and Japan. There seems to be a west- 
east gradient. 

Diego (DI *A) is not tested in Central Asia and south- 
ern Siberia; the rest of Asia shows a west-east gradient, 
with a minimum in the west and a maximum around the 
Sea of Japan. This allele is of special interest because it 
reaches high frequencies in Amerinds. The geographic 
distribution in Asia is not sufficiently well tested, how- 
ever, to tell which East Asian groups contributed most to 
the peopling of Americas. The variogram seems normal. 

Blood-group Duffy (FY) is better investigated than the 
enzymes named so far. Allele A has a strong maximum, 
reaching close to 100% in all the East and along the Arc- 
tic Ocean, with a possible minimum in the Kamchatka 
peninsula and a strong minimum in southern Arabia. Al- 
lele B has a maximum around the Caspian Sea with a 
regular decreasing gradient all around, suggesting this 1s 
a possible area of origin for the allele. Allele O has a 
maximum in southern Arabia, of possible African origin 
and in response to malaria. The variograms of A and B 
have high slopes; O is very irregular. 

Esterase D (ESD) allele 1 has a maximum in the ex- 
treme northeast and a fairly regular gradient toward the 
south; the minimum is in the Himalayan region. The 
variogram is fairly flat. 


For glucose-6-phosphate dehydrogenase deficiency 
(G6PD), the information is limited to the south and the 
values interpolated in the upper part merely repeat the 
southern pattern. There is a strong peak in eastern Ara- 
bia, related to malaria, and a moderate incidence of the 
deficiency in mainland Southeast Asia. Notable is its 
virtual absence in India. 

Glutamate-pyruvate transaminase GPT */ has a pat- 
tern almost identical to that of GLO/ */. 

A complement gene for which there is very limited 
information, BF, shows a strong peak in Southeast Asia 
and a minimum in Arabia of the most common allele, S. 
Allele F shows a complementary surface and allele $O7 
has a maximum in Arabia, decreasing regularly toward 
the east. The regularity is probably the result of poverty 
of information, especially in the north. Variogram slopes 
of the common alleles are high. 

Glyoxylase GLO/ *] has maxima in the extreme 
northwest and in West Asia, with a minimum in the 
East, but not in insular Southeast Asia. The variogram 
has a fairly high slope. 

Group-specific component or vitamin-D-binding pro- 
tein (GC) has a minimum for allele / in Central Asia 
and maxima in insular Southeast Asia, the Kamchatka 
Peninsula, and southwestern Arabia. It is difficult to rec- 
oncile this pattern with the assumed correlation with so- 
lar radiation. Subtype /F has an almost regular west-east 
gradient. Variograms are regular, /F with a high slope. 

Haptoglobin (HP) shows a maximum for allele / in 
several regions, and an apparently single minimum in 
India with a concentric distribution around it. The vari- 
ogram is linear to 2000 miles with a fairly large slope. 

ALA has a reasonable geographic coverage, even if 
some areas like the extreme northeast have no data. Two 
major patterns recur for many alleles and are discussed 
together. 

The most frequent pattern is an almost regular gradient 
from west to east and occurs in two varieties, higher in 
the west and lower in the east, and vice versa. The first 1s 
found for A*/ , A*3, A*28, A*29, A*32,B*8,B*/14, 
B*18, B*21, and B*35. The second, opposite, variety 
is rarer, being found only for A*2, B*/3, and B*22. 
This asymmetry may occur because most antibodies 
have been selected among Europeans, whose immuno- 
logical spectrum is therefore better covered than that of 
Mongoloids. Some of these alleles have additional pecu- 
liarities, perhaps caused by drift or local selection: A *32 
has an especially high value in the Philippines, B *7 has 
a peak in central Siberia, and B*/8 in Southeast Asia. 
B*/3 has an additional minimum, and B «/5 a maximum 
in northeastern and central-northern Siberia, respectively. 

The next most frequent pattern is a north-south gradi- 
ent. It is found in A*¥9, A*//], A*3/] , and B *40, in all 
cases with higher values in the north except for A*//. 
Peculiarities are a high value in the Philippines for A*9 
and in Arabia for A*3/. 


Other patterns recur less frequently but show peaks in 
different regions: A*/0 inland east of the Caspian Sea, 
Ax*J1, A*33 in Southeast Asia, A*/9 in southwest [ran 
and Mongolia, B*/5 in central Siberia, B*/6 in the 
Philippines, and B */7 in central-eastern Siberia. B *27 
and other alleles show little variation or are difficult to 
define. 

The variograms of HLA are mostly regular, with slopes 
varying between 0.1 and 2.0 x 10~> per mile (median 
0.8). The initial linear portion varies from 500 to over 
2000 miles. There are 6 variograms out of 29, however, 
which have negative initial slopes, usually corresponding 
to alleles with very low average frequency. 

For GM (IGHG/G3), the geographic distribution of 
the data is reasonably satisfactory, with few gaps com- 
pared with most other markers. A strong east-west gradi- 
ent 1s shown by f;b0b1b3b4b5 (a Caucasoid haplotype) 
with a peak in West Asia, and by za;g in the reverse, 
with a peak in the extreme northeast, possibly the place 
of origin of the haplotype. Because fa;b0b1b3b4b5 peaks 
strongly in Southeast Asia, that area might be the ori- 
gin of this haplotype, ZA;B has a concentric distribution 
around the Caspian Sea, and za;bOstb3b5 around central 
Siberia. 

A constant light-chain immunoglobulin gene, KM is 
well studied and alleles / & /,2 seem to have a cen- 
ter of origin in North China. The two alleles cannot be 
distinguished except with an antibody that is not easily 
available, but one of them, allele 2, 1s much rarer and 
contributes little to the sum of the two alleles. 

The variograms of GM and KM all have high 
slopes and reasonable initial linearity, except for allele 
za;b0b1b3b4b5, which has an initial negative slope. 

Blood-group Kidd (JK) shows two peaks for allele 
A, one in the extreme north, one in insular Southeast 
Asia, and a minor one in southeastern Arabia, with a 
flat distribution in the center. Allele B is lowest in the 
north, highest in the east, and intermediate elsewhere. 

The allele of the Kell blood group KEL*K is some- 
what better studied than Kidd and has a general west-east 
gradient. 

For the Lewis blood group (LE), allele Le(a+) shows 
a north-south gradient and allele Le an east-west one. 
The Lutheran blood group (LU) (allele A) is, like LE, 
poorly studied but seems to show a west-east gradient. 
The variograms of these four blood-group systems are 
regular, except for JK «A, and LU *A, which have neg- 
ative initial slopes. 

The MNS system, one of the oldest known blood 
groups, is reasonably well studied. Allele M 1s highest 
in northeastern Siberia and in the west and south; its two 
component haplotypes show a clearer distribution, with 
a definite west-east gradient for haplotype MS (peak 
in Arabia) and a north-south gradient for Ms (peak in 
Southeast Asia). The allele complementary to M, N, is 
made of haplotypes NS, with a peak in central Siberia 
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and concentric gradients around it, and Ns, with a north- 
south gradient. Allele S$, the sum of MS and NS, peaks 
in central Siberia. All variograms are regular with initial 
linear segments over 1000 and even over 2000 miles, 
with relatively large slopes. 

Allele / of blood group P/ has been known for some 
time and has also been reasonably well studied. It shows 
a west-east gradient, but in addition to the peak in the 
west, it is also high in the extreme northeast and in the 
insular southeast. The variogram is linear to almost 4000 
miles, with a relatively large slope. 

For phenylthiocarbamide tasting (PTC), allele T has 
a fairly regular west-to-east gradient. The variogram is 
linear to at least 2000 miles, with a moderately high 
slope. 

Phospho-glucomutase | (PGM1/) is one of the best- 
studied enzymes. Allele / shows a high maximum in the 
extreme northeast and has an overall west-to-east gradi- 
ent, with a minimum in the west but also in a narrow 
area of northwestern Siberia. 

6-phosphogluconate dehydrogenase (PGD) allele A 
has a minimum in Central Asia, and the rarer allele may 
have originated here. These enzymes have variograms 
that are linear to 3000 miles with a moderate slope. 

The RH blood-group system can be conceived as hav- 
ing three biallelic loci C, D, and E. C and E show oppo- 
site north-south gradients, C with a maximum in South- 
east Asia and FE with a maximum in the north. D shows 
an east-west gradient with a maximum in the east, but 
also one in the extreme northwest. Other alleles like 
CW and DY have low frequencies, C” with maxima in 
west-central Asia and the extreme northeast and DY in 
the western part of Southeast Asia. The most frequent 
RH haplotypes are CDe, cDE, and cde: the first has a 
strong north-south gradient with a maximum in South- 
east Asia where it reaches close to 100%; the second has 
a similar, but opposite, gradient reaching more than 45% 
frequency in the north; and the third, the RH-negative 
haplotype, which is characteristically Caucasoid, has a 
west-to-east gradient, having relatively high frequency 
(more than 30%) in West Asia and practically zero fre- 
quency in Mongoloids. An interesting RH negative peak 
in North Asia needs further analysis. The haplotypes 
next in importance are Cde, cDe, cdE, and CDE. The 
most common is cDe, which has two peaks of more than 
25% in the western part of central Asia and on the Kam- 
chatka peninsula, with a secondary peak in Arabia where 
it is probably of African origin, and is minimal in the 
east. Cde is somewhat higher in southeastern India and 
is elsewhere uniformly low or absent except around the 
Caspian Sea. cdE is also low everywhere, being slightly 
higher in the western part of central Asia and around the 
Sea of Japan. CDE is highest on the Kamchatka penin- 
sula and in the western part of central Asia. 

Most variograms of RH alleles and haplotypes show 
a long linear portion and medium to high initial slopes. 
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Three show flat or negative variograms, C’ , cdE, CDE; 
and all have very low average frequencies. 

The secretor gene SE *Se has an approximate north- 
south gradient with a second maximum in the extreme 
northeast. The variogram is linear to 2000 miles with a 
moderately large slope. 

The transferrin TF *C allele has 100% gene frequency 
in most of Asia, except in a few areas in central and 
Southeast Asia where there is a low percentage of D 


4.17. SYNTHETIC MAPS OF ASIA 


The analysis of the variation by PCs was based on 96 
genes, the same 98 used for the genetic maps of Asia 
(see Table of Genetic Maps) and shown in the second 
part of the book except for AG*X, G6PD*B*. Table 
4.17.1 shows the relative importance of each of the first 
seven PCs, which collectively express 80% of the total 
variance. The genes that contribute most to each of the 
seven PCs are indicated in table 4.17.2. 

The geographic map of the first PC (fig. 4.17.1), ac- 
counting for about one-third of the total variation, has 
a clear west-to-east gradient and may be considered a 
simple synthesis of the Caucasoid—Mongoloid gradient 
observed throughout Asia. The gradient is not exactly 
linear, but is more abrupt around a line that starts in 
the northern part of the Urals, first descends toward 
the southeast, then bends toward the south to reach the 
eastern part of India. This can be taken as the approx- 
imate boundary between Caucasoids and Mongoloids. 
One cannot expect it to be completely abrupt. We know 
there have been many migrations in the last 2500-3000 
years across this boundary, and many populations near it 
show signs of hybridization. The progress of Mongoloids 
toward the west has been especially marked in the ex- 
treme north; it was less important but still noticeable in 
the Himalayan region. 

The first PC map is in good agreement with the phys- 
ical data discussed earlier. It is of some importance to 
note that the extreme western values are not at the bound- 
ary between Europe and Asia, but rather in West Asia, 
particularly at the area of contact with Africa. One might 
hypothesize that this component indicates the progress of 


Table 4.17.1. Percentage of Total Variance Explained by the First 
Seven Principal Components of Asian Gene Frequencies 


Principal % of Total Principal % of Total 
Component Variance Component Variance 
1 35.1 5 5.2 
2 17.7 6 4.8 
3 7.7 7 3.3 
4 6.4 


allele. The variogram is regular, with an initial portion 
linear to 2000 miles. 

In summary, there are a certain number of genes show- 
ing west-east and north-south gradients. We can expect 
them to determine important features of the synthetic 
maps corresponding to the higher PCs. Other patterns 
also tend to recur, though less frequently, and are found 
in synthetic maps corresponding to PCs of levels lower 
than the first two. 


a wave from northeastern Africa or from West Asia. Was 
this area occupied by other people at these early times, 
and did important mixture occur with them? Or was the 
reciprocal dilution of Mongoloid and Caucasoid types 
entirely a matter of subsequent events? PCs cannot an- 
swer these questions and they cannot indicate the direc- 
tion of a wave of advance, except that, when concentric 
gradients are observed around a center, as in the present 
case, it is more likely that the direction of the expansion 
is centrifugal. They cannot give information on dates, 
but they may give some indication of the relative demo- 
graphic importance of the expansions and mixtures. 

The high percentage value of the first PC shows that 
the differentiation between East and West Asia is clearly 
the most important genetic difference in this continent. 
There are at least three possible explanations for the 
expansion. (1) The first expansion of modern humans 
could have come from Africa eastward via Suez, if there 
were some humans in East Asia with whom anatomi- 
cally modern humans mixed. (2) Later expansions from 
the same origin could have followed the same route. 
The last such expansion could be that of farmers from 
the Middle East moving in the same general direction, 
the western steppes of Asia, Iran, and India. We might 
very well be seeing the summation of more than one ex- 
pansion at different times, all of which had their Asian 
centers of origin in West Asia. (3) There might have 
been expansions from East Africa via southern Arabia 
and Iran, or via the southern coast of Asia, which might 
be difficult to distinguish from each other or from the 
first and second. 

It should be noted that the regularity of the gradi- 
ent may be deceptive and, in part, artifactual. The cen- 
tral part of Asia is poorly known genetically, and geo- 
graphic maps of genes inevitably interpolate a smooth 
surface where there are no data, contributing to the il- 
lusion of a regular gradient. Because the region 1s also 
partly desert today, few data are available, but known 
population movements have occurred (e.g., the Uyghur 
occupied the Xinjiang, but there is little record of them 
in this data; HLA data now available for this population 
were too late for inclusion). 


Table 4.17.2. Genes Showing the Highest Correlations with the 
First Six Principal Components of Asian Gene Frequencies 


Range of 
Correlation 
P.C." Coefficient Genes 


1 1.00-0.90 (+) IGHG1G3*f;b0b1b3b4b5, RH*cde 
(-) BF*S, GC*#1F 
0.90-0.80 (+) ACP1*C, BF*F, BF*S0.7, HLAA*1 
HLAA* 3, |IGHG1G3*za;b0b1b3b4b5, 
HLAA*28, HLAB*+35, HLAB*+8, MNS*MS 
(-) ADA*1, C3*S, FY*A, HLAA*2, PTC*T 
0.80-0.70 (+) FY*B, HLAA*1, HLAA*2, HLAA*32, 
HLAB* 14, HLAB* 18, HLAB*21, 
HLAB*37, KEL*K, LU*A, P1*1 
(-) AK1*1, HLAB*15, RH*D 


2 1.00-0.90 (+) — 
(-) HLAA*11 
0.90-0.80 (+) — 
(-) LE*Le(a+), MNS*Ms, RH*C 
0.80-0.70 (+) ESD*1, HLAA*31, RH*cDE 
(-) IGHG1G3*fa;b0b1b3b4b5, HLAA*33, 
HLAB*22, RH*CDe 


3 0.70-0.60 (+) HLAB*5 
(-) ACP1*B, HLAB*27 
0.60-—0.50 (+) HLAA*10, HLAA*31, HLAB* 16, HLAB*22, 
PEPA*1, JK*B 
(-) HLAB*17, RH*DY¥ 
0.50-0.40 (+) CHE1*U, PGM1*1, TF*C, RH*cdE 
ies 
4 0.70-0.60 (+) ABO*0O, HLAA*30, HP*1 
(-) ABO*B 
0.60-—0.50 (+) FY*O, GC*1, HLAB*21 
(-) G6PD*B- 
0.050-0.40 (+) — 
(—) HLAA*10, HLAB*37 


5 0.70-0.60 (+) ACP1*A, PGD*A 
= Some 
0.60-—0.50 (+) JK*A 
(-) IGHG1G3*zax;g 
0.50-0.40 (+) MNS*M, P1*1 
(-) MNS*NS 


6 0.70-0.60 (+) RH*cDe 
j= 
0.60-0.50 (+) RH*CDE, MNS*NS, MNS*S 
(-) MNS*Ns 
0.50-0.40 (+) MNS*M 
(-) ABO*A 
0.40-—0.30 (+) ABO*O, GC*1, HLAB*7, MNS*MS 
(-) ABO*A1, IGHG1G3*zax;g 
Note.— Genes giving positive or negative correlation values are indicated by 
(+) or (-), respectively. 
* P.C., Principal component. 


The second synthetic map (fig. 4.17.2) shows that the 
next most important genetic component is the differ- 
ence between northern and southern Mongoloids. West 
and South Asia do not participate in the differentiation 
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disclosed by the second PC, showing intermediate val- 
ues. The separation between northern and southern Mon- 
goloids corresponds approximately to the first isopleth 
starting from Southeast Asia. Whether this component 
also absorbs effects caused by correlation with climate 
is difficult to say without further analysis. 

The third synthetic map (fig. 4.17.3) shows a peak 
in Japan, with rapidly falling concentric gradients. The 
other extreme PC values are in the extreme north and in 
the extreme south, posing a difficult problem in inter- 
pretation. 

It is worth remembering that Japan has been magnified 
1.6 times for the purpose of showing more clearly its in- 
ternal genetic structure, given that it has a higher density 
of genetic data than any other country in Asia. The third 
PC explains a nontrivial fraction of the total variance 
(8%). Taken at face value, one would assume a center 
of demographic expansion in an area located around the 
Sea of Japan. Several genes are involved, as we have 
seen in the single-gene maps, and it is difficult to think 
of a selective factor of general importance other than cli- 
mate, involving many genes at once. There seems to be 
no evidence of nonneutrality from Fs57 values for these 
genes. This area was not a center of agriculture, but be- 
fore 10 kya land was more extended and was later sub- 
merged; thus, its archaeology is unknown. Japan, how- 
ever, was the seat of the earliest known development of 
ceramics. One can hypothesize that Japan and/or some 
other region around the inland sea was the seat of a rel- 
atively important demographic development, which was 
not disturbed significantly by later migrations from re- 
mote places and therefore has kept a distinctive gene 
pool. The population dynamics of Jomon Japan (see sec. 
4.4) supports this idea because, for at least 6000 years 
(10,000-4000 B.P.), the population grew steadily and at a 
high rate. The Japanese population increased in this pe- 
riod from what was probably a very small number, which 
must have allowed for substantial initial divergence un- 
der drift, to a population not far from 300,000, in which 
gene-frequency change was almost frozen. If there had 
been no later major immigration to Japan, Jomon gene 
frequencies might have been similar to modern ones. 
After 4000 B.p., growth ceased, perhaps under influence 
from climate change, and resumed around 2000 B.P. un- 
der the influence of agriculture. 

Jomon population densities are among the highest 
recorded for a foraging population, although in some 
areas of the Pacific coast of North America, compara- 
ble and even higher figures of population densities have 
been observed (Hassan 1975). Excellent fishing, in addi- 
tion to deer hunting, and the gathering of chestnuts and 
roots, provided resources allowing for substantial popu- 
lation growth in Japan. One possible explanation is that 
the persistent growth of an initially small population in 
Jomon Japan (and probably surrounding areas like Korea 
and Manchuria, which participated in the development 
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but are far less well known archaeologically) maintained 
initial genetic differences generated by drift. Whether 
this local demographic development also determined a 
true geographic expansion is hard to say without analysis 
at a higher resolution. 

The fourth synthetic map (fig. 4.17.4) shows a con- 
trast between western Arabia and the eastern part of In- 
dia and the Himalayas. All the rest of the continent takes 
intermediate values and is not involved in this contrast. 
There are no known archaeological interpretations. It is 
worth recalling that in the Red Sea, opposite the western 
part of Arabia showing the highest intensity in the fig- 
ure, we have observed areas of altered PC values. The 
possibility of an ancient expansion from East Africa, in 
addition to those discussed above, 1s worth keeping in 
mind. 
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Fig. 4.17.4 Synthetic map of the fourth 
principal component of Asia. 


The fifth component (fig. 4.17.5) shows a peak with 
concentric gradients in the central part of the steppes. 
A few single-gene maps showed anomalies not far from 
this region, which corresponds approximately to an early 
area of development of pastoral nomadism. Given that 
this economy was responsible for a series of expansions 
from central Asia, it is tempting to interpret the map 
of the fifth PC as the result of the radiation of pastoral 
nomads, probably mostly Caucasoid. Areas of opposite 
polarity are found in Southeast Asia and in the extreme 
northeast. The area is very poorly sampled, and it is pos- 
sible that a more regular sampling grid would shift some- 
what the peak of the synthetic map corresponding to this 
possible center of expansion. It is interesting that similar 
steppe regions, with slight shifts to the west and east, 
show peaks in the sixth and seventh components (maps 
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Fig. 4.17.5 Synthetic map of the fifth 
principal component of Asia. 
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not given). Different components are uncorrelated, but 
it is possible that some PCs have one pole in the same 
position, provided the opposite pole(s) are in different 
positions. Opposite peaks are found for the sixth com- 
ponent in Armenia and Korea, and for the seventh in 
south India. 

The color picture conveys 60.5% of the original vari- 
ation and shows three major ethnic zones: pale green 
with a yellow central tinge in Southwest Asia; blue in 
north-central Siberia; red in the eastern portion, varying 
from an extremely dark color that makes Southeast Asia 
almost invisible, to a very light one among the northern 
Mongoloids and purple farther northeast. 

The expansion of agriculture from the Middle East 
in light green is superimposed on another expansion 
responsible for the yellow tinge around the lower half of 


the Caspian Sea. This is probably associated with Turkic 
expansions. 

In summary, the analysis of synthetic geographic maps 
shows that the first two formally confirm the major im- 
portance of the east-west gradient and secondarily of the 
difference between northern and southern Mongoloids. 
It is difficult to distinguish in the first component the 
effects of two possible radiations from the Middle East, 
an early one following the first African expansion and a 
late one of Middle Eastern farmers. They probably have 
both contributed, and the analysis cannot separate them. 
The expansions of pastoral nomads seem to character- 
ize lower components, in agreement with the fact that 
later expansions are likely to explain a smaller fraction 
of variance. A possible expansion from the Sea of Japan 
is suggested and has some archaeological support. 


4.18. SUMMARY OF THE GENETIC HISTORY OF ASIA 


Asia is the largest and genetically most complex con- 
tinent. The five regions into which we have divided it 
for convenience of analysis are, if not homogeneous, 
less heterogeneous than the whole continent, but there 
are no sharp boundaries between them. They have dif- 
ferent degrees of internal heterogeneity, as shown by the 
following list of the genetic variation internal to each 
area, measured by the average Fsy (+ standard error) 
calculated between the 491 populations: 


West Asia (Near East) 
Southeast Asia 


0.0212 + 0.0049 
0.0349 + 0.0038 
South Asia 0.0276 + 0.0048 
Northeast Asia 0.0230 + 0.0022 
Arctic 0.0264 + 0.0126 


The smallest Fst is observed in the Near East, where 
the highest population densities have existed the longest, 
especially in the central part (Mesopotamia). Ten thou- 
sand years of agriculture, ancient urban developments, 
and internal migrations are probably responsible for this 
homogeneity. Many differences between the F'sts above, 
however, are not statistically significant. 

These data alone are not sufficient if taken in isolation 
for tracing the history of the whole continent. The syn- 
thetic maps are obviously more useful: they show that 
the major separation is on the east-west axis, approx- 
imately in the middle. Caucasoids occupy the western 
half and Mongoloids the eastern half, with a boundary 
indicated by a slightly sharper gradient in the first syn- 
thetic map, running from the northern Urals to eastern 
India. Mongoloids also separate into northern and south- 
ern moieties. We know from the analysis of Chinese data 
that the separation is approximately between northern 
Chinese, who are more similar to northern Mongoloids, 
and southern Chinese who are more similar to south- 


ern Mongoloids. The genetic boundary between northern 
and southern Mongoloids, shown by the second synthetic 
map, 1s not very definite, but must have been sharper in 
Paleolithic and Neolithic times. 

There are a few clues that in a more distant past dif- 
ferent populations must have occupied the southern part 
of Asia. ‘“Australoid” Indian tribals, Andamanese, and 
Negritos of the Malayan peninsula and the Philippines 
stand out as distinct from their neighbors, even if most 
of them are poorly known and our judgment is based 
more on physical anthropology and, to a lesser extent, 
on genetic data. It is certainly tempting to hypothesize 
that these populations are relics of early modern humans 
from Africa, who migrated along the southern coast of 
Asia all the way to Southeast Asia and Australia. As 
shown in chapter 7, there is not much evidence of a great 
similarity of these people to Australians, and therefore 
this hypothesis currently has very weak support. How- 
ever, their original separation from Africa must be an- 
cient, perhaps between 100 and 50 kya. These dates are 
suggested by the earliest times of modern humans in 
Africa and the time of arrival in Australia. Under these 
conditions, and with the inevitable later admixtures, little 
genetic similarity can be expected. In that time period, 
the passage from Africa to Arabia might have taken ad- 
vantage of a closer proximity of the continents; we also 
know that we must credit the early settlers of Australia 
with skills, however primitive, that enabled them to cross 
expanses of sea that were not too wide. If these skills were 
available to the hypothetical first people who left Africa 
for Arabia, they might have helped them proceed east- 
ward along the coast. Because sea levels are now higher, 
many possible archaeological clues are under water. Al- 
though the thinness of these arguments must be clearly 
acknowledged, the puzzle of the Australoid relic people 


in Asia needs to be explained, and it is not unreasonable 
to think of them as being the remainder of an ancient hu- 
man bridge between Africa and Australia. Clearly, there 
is urgent need of further genetic data, possibly using 
DNA methodology, on these populations. 

Not much less hypothetical are the relationships be- 
tween Caucasoids and Mongoloids. Caucasoids, and 
more specifically Europeans, tend to be intermediate be- 
tween Africans and Mongoloids, as we saw in chapter 2. 
This may have several explanations, to be discussed in 
the light of the major hypotheses of the origin of modern 
humans. 

As we saw in chapter 2, much evidence favors an 
African origin for modern humans. The recent discov- 
ery of modern humans in the Middle East may seem to 
have decreased the strength of this interpretation, but the 
later presence of Neanderthals in the Middle East, the 
Musterian culture of the early H. sapiens sapiens from 
the Middle East, and, perhaps above all, the existence 
in Africa of an apparently continuous descent of modern 
humans from the local archaic H. sapiens suggest that 
the early presence of modern humans in the Middle East 
does not destroy the hypothesis of an African origin. A 
hypothesis hard to refute, at this stage, is that West Asia, 
or some other neighboring part of Asia, was the seat of 
an important phase of evolution of modern humans, per- 
haps during the hypothetical 100-50 ky “black” period 
of the transition from the Musterian culture of 100 kya to 
the later cultures we find when modern humans started 
the expansions that took them to settle in the rest of the 
world. With the present poverty of fossil samples and 
good dates, it is impossible to make strong statements. 

The problem of whether ancient Mongoloid archaic 
H. sapiens or even H. erectus contributed to the mod- 
ern people of East Asia cannot be solved with complete 
confidence on the basis of present genetic data. Modern 
humans seem to have appeared in China relatively late 
and fairly abruptly, but the paleoanthropological sample 
is even smaller than in the western part of the conti- 
nent. The claims of similarity between Chinese premod- 
ern and modern humans (sec. 2.1), as we have seen, are 
not considered definitive by several archaeologists who 
have reexamined the issue. A strictly polycentric origin 
from H. erectus or early archaic H. sapiens is not in 
agreement, as we have seen, with dates from mtDNA. 
These last estimates do not, however, exclude a partial, 
though limited, admixture of the first modern humans 
who arrived in East Asia with local H. sapiens. 

A view that could explain many of the known facts 
can be summarized by three points. 


1. Ancestors of modern Caucasoids and modern East 
Asians (let us call them Eurasians) developed either in 
northeastern Africa, or in West Asia or southeastern Eu- 
rope from an originally African source during the period 
between 100 and 50 kya. There was a wide area, diffi- 
cult to locate in the absence of archaeological evidence, in 
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which cultural maturation took place until about 50 kya. 
One speculates that it might have been in West Asia. 

2. The migration toward Southeast Asia and Australia may 
have been independent from the above, possibly even ear- 
lier (60-70 kya). It may have originated from East Africa 
(going across the Red Sea) or from the southern fringe 
of the speculative West Asian area of maturation. In the 
first case, these people may have used primitive boats, 
which must have been also employed by them in the pas- 
sage to Australia (see chap. 7). This southern stream was 
directed eastward proceeding through India and Southeast 
Asia, perhaps along the coasts, and occupied New Guinea 
and Australia. 

3. Whether or not it partially hybridized with local de- 
scendants of early archaic H. sapiens or H. erectus, the 
Eurasian moiety was ready for an expansion, perhaps 
about 50-40 kya, and expanded in all directions: north 
and then east, occupying northeastern Asia, the Arctic, 
and America; west toward West Asia and Europe; and 
southeast, where it may have mixed with the descendants 
of the southern branch of the African migration. 


Only for much later times do we have grounds to pos- 
tulate other important migrations after this (or these) first 
and major expansions of modern humans. The synthetic 
maps suggest a previously unsuspected center of expan- 
sion from the Sea of Japan but cannot indicate dates. 
This development could be tied to the Jomon period, 
but one cannot entirely exclude the pre-Jomon period 
and that it might have been responsible for a migration 
to Americas. A major source of food in those preagri- 
cultural times came from fishing, then as now, and this 
would have limited for ecological reasons the area of ex- 
pansion to the coastline, perhaps that of the Sea of Japan, 
but also farther along the Pacific coast. According to the 
analysis of prehistoric demography of Japan by Koyama 
(1978; see sec. 4.4), the population of Japan peaked in 
the Paleolithic (20 kya) and again in the Jomon period 
(4500 years ago). Expansions are likely to occur some- 
what before demographic peaks. Therefore, two possi- 
ble choices for the dates of the expansion from Japan 
are suggested by the third synthetic map. The number of 
Paleolithic inhabitants at the peak 20 kya is difficult to 
estimate but was probably small. An expansion of such 
a small population may be unlikely, but Japan is perhaps 
only part of a larger region that enjoyed conditions fa- 
voring population increase; it is, however, the part that 
has been surveyed most accurately both genetically and 
archaeologically. 

Agricultural developments in the Middle East, be- 
ginning 9000-10,000 years ago, were responsible for a 
major expansion of the early Middle Eastern farmers in 
four directions: a northwestern one, leading to a new 
settlement of Europe, starting from Anatolia (present- 
day Turkey); a southwestern one, via Suez to Egypt 
and North Africa; an eastern direction, from Iran to 
the Indian subcontinent; and a northern direction, per- 
haps starting from several different regions, to the central 


254 CHAPTER 4 


steppes of Asia and eastern Europe. Alternatively the 
Russian steppes may have been reached from Romania 
via the Ukraine. The various expansions had different 
fates, which depended largely on the evolution of the 
climate and the environment in the various regions and 
on the technological adaptations that developed locally. 


1. The European climate was favorable to agriculture, 
though the northern part of the continent warmed up suffi- 
ciently with some delay, after glaciation. Europe was thus 
gradually and regularly but slowly populated by Anatolian 
farmers, with partial admixture with local Mesolithic for- 
agers. High population densities were reached, with the 
Mediterranean area developing a little earlier (see chap. 
5). This expansion probably spread early Indo-European 
languages from Anatolia. 

2. The Iranian plateau, the Pakistan plains, and northern 
and southern India had a similar, but somewhat later 
and slower, development (this chapter). This expansion 
of the farmers from the eastern horn of the Fertile Cres- 
cent spread Dravidian languages eastward. 

3. North Africa offered more limited opportunities, which 
were progressively reduced by the desertification of the 
Sahara (chap. 3). This expansion of farmers from the 
southwestern horn of the Fertile Crescent may have helped 
the spread of Afro-Asiatic languages toward Africa. 

4. The steppes required a period of adaptation, out of which 
emerged pastoral nomadism and the local domestication 
of the horse. These eventually generated a continuously 
increasing population that was at the center of many 
geographic expansions, starting about 4000 years ago or 
earlier in the western and central steppes, and later dom- 
inated by Mongolian tribes of the eastern steppes, begin- 
ning about 2300 years ago. Pastoral nomads thus started 
mass migrations and conquests that upset almost all of 
Eurasia from 2000 B.c. until a few hundred years ago. 
They also changed the linguistic picture of Asia, extend- 
ing greatly the ranges of Indo-European and Alltaic lan- 
guages over those that prevailed at the end of the farmers’ 
expansions. 


In the nuclear area of the agricultural expansion started 
in the Middle East, populations increased greatly thanks 
to sophisticated agricultural developments that permitted 
the earliest urbanization. Partial desertification, salinifi- 
cation caused by irrigation, and complex political events 
eventually reduced population numbers in the Middle 
East, but this area certainly reached a high population 
density before all others. The eastward agricultural ex- 
pansion from the Middle East is visible in synthetic maps 
but cannot be easily distinguished from the earlier and 
later expansions, summarized by the first synthetic map. 

Agricultural developments in East Asia were differ- 
ent. Although the beginnings were not much later than 
in the Middle East, the local domesticates could not be 
so easily exported to the whole area. With Middle East- 
ern crops, the spread was mostly in the same latitude 
range and met fewer problems of adaptation to differ- 
ent climates. By contrast, northern and southern China 
had different ecological conditions, and, since the be- 


ginning, they were forced to develop different special- 
izations: millet in northern China, rice in southern China 
and Southeast and South Asia. The relations of south- 
ern China with Southeast Asia at the time are obscure 
but were certainly important. The genetic differences be- 
tween northern and southern China, which preexisted be- 
fore these separate agricultural developments, were only 
partially canceled, given that the cultural segregation of 
these two areas left them isolated for a long time. The 
formation of a single Chinese nation took place only in 
the second part of the first millennium B.c.. Thus began 
a partial linguistic and cultural integration of the whole 
region, which had less dramatic genetic consequences. 

It seems therefore that the Chinese did not have a ma- 
jor geographic expansion beyond the borders of China in 
conjunction with the development of agriculture except 
toward Southeast Asia and Oceania. Fairly early the pop- 
ulation grew to large numbers, and the Chinese culture 
only rarely suffered major disruptions, greatly benefiting 
from continuity over several millennia. The first census 
was taken during the Han dynasty about 2000 years ago 
and has been partly preserved down to the present. The 
population of China may have increased almost 20-fold 
since that first census. 

In the future, a study of synthetic maps centered on 
East Asia, or parts of it, may clarify the situation con- 
siderably. Although genetic data of parts of this region 
are currently unsatisfactory, interest in gene geography 
is increasing in both China and Japan. 

Southeast Asia shows enough differences from North- 
east Asia, and enough similarity to the inhabitants of the 
Pacific, that some important separation must have been ac- 
tive. But the basic similarity between northern and south- 
ern Mongoloids also suggests that, at some stage, a partial 
commonality, and hence gradual admixture, must be pos- 
tulated. The “true” (1.e., extreme) Mongoloids are found 
in the north, in southern Siberia. The origin of the charac- 
teristic traits of these people may be old (extremely old, 
according to supporters of the polycentric hypothesis). 
There is a gradient of Mongoloid characteristics from the 
north to the southeast, well visible in the second synthetic 
map, which speaks in favor of an admixture that has not, 
however, completely canceled a strong earlier difference. 

The coastal cultures of Southeast Asia were responsi- 
ble for major expansions toward the islands, correspond- 
ing approximately with the spread of Malayo-Polynesian 
languages. These expansions may have begun 6000 to 
7000 years ago. They overlapped and sometimes mixed 
with probably earlier, more limited Melanesian expan- 
sions. The mosaics of languages and people in South- 
east Asia and the Pacific are extremely complicated. 
Enough later migrations, genetic mixtures, and language 
replacements took place since the first migrations, that a 
complete resolution of the various expansions is nearly 
impossible except for some branches. The Pacific is dis- 
cussed further in chapter 7. 
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5.1. GEOGRAPHY AND ECOLOGY 


Europe, a peninsula of Asia, has been promoted to the 
status of a continent more for historical than for geo- 
graphic reasons. Its area, 10 million km”, is less than 
one-fourth that of Asia and one-fourteenth that of the 
Earth’s landmass, but Europe is second only to Asia in 
population. 

Besides the Alps, which separate Italy from countries 
farther north, there are other less impressive mountain 
ranges like the Appennines in the Italian peninsula, the 
Dinaric Alps along the Yugoslavian coast, the Balkan 
Mountains, the Carpathian and Transylvanian Alps in 
the Balkans, the Pyrenees separating Spain from France, 
the Fennoscandian shield in the western part of the Scan- 
dinavian peninsula, and the Urals, which separate Euro- 
pean Russia from Asia. The Urals form a modest bar- 
rier, but only in the northern part; south of the Urals 
there is continuous grass steppe from Eastern Europe to 
China. Otherwise, most of Europe is flat or has modest 
elevations. 

The climate can be roughly described by defining four 
regions. (1) The Mediterranean climate on the Mediter- 
ranean coasts is subtropical, with mild and wet winters 
and hot summers. (2) The maritime (Atlantic) climate 
has colder winters and warm to hot summers, with pre- 
cipitation the year round. (3) The central climate, north 
of the Mediterranean and east of the maritime one, has 
colder winters. (4) Farther north, the continental climate 
is found in most of European Russia and extends to 
northern Scandinavia. It has the coldest and longest win- 
ters with heavy snowfalls. The summers are moderately 
hot and wet. 

Vegetation zones are shown in figure 5.1.1. Europe is 
heavily agricultural, and the vegetation described is the 
“natural” one that existed in postglacial times after the 
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last major climatic changes at the beginning of agricul- 
ture, around 8000-9000 years ago. 

The Mediterranean flora is characteristic of the south 
and comprises dense vegetation of small evergreen trees 
(olives, figs, etc.), shrubs, etc.; it 1s scrubby where 
the soil is especially poor. The flora is called macchia 
mediterranea and is similar to the flora in other parts of 
the world at latitudes between 30° and 40° north or south, 
for example, chaparral in southwestern North America. 


Mountain vegetation 
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Fig. 5.1.1 Vegetation zones of Europe, western Asia, 
and North Africa (Times Atlas 1989). 
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The mixed forest once dominated all of central Europe 
and the British Isles, including Denmark and part of the 
Russian plains. Only a small fraction of the area still has 
forest cover, and much of the change has taken place in 
the last thousand years. 

The boreal forest (alternating birch and conifers) is 
found in all of Scandinavia (except for small mountain- 
ous areas on the northern coasts where tundra predomi- 


5.2. PREHISTORY AND HISTORY 


The Paleolithic. The earliest humans in Europe were 
Homo erectus and archaic H. sapiens; the first well- 
ascertained date is 700 kya (Gamble 1986). In the last 
part of the middle Paleolithic, until about 40 kya, all 
humans in Europe were of the Neanderthal type. Nean- 
derthals were not the first humans found in Europe, but 
the transition from archaic H. Sapiens to Neanderthal is 
not well understood. The first Neanderthal fossils recog- 
nized as distinctive were found in Germany and named 
after the place of discovery. It later became clear that for 
a long a time Neanderthals were the only human type 
that existed in Europe and West Asia. Their skulls were 
comparable in size to those of modern humans, but they 
were more robust (see sec. 2.1). They made a stone-tool 
assemblage called Mousterian after the French site where 
it was first observed and described. Modern humans are 
believed to have first appeared in the middle Paleolithic 
in Africa; recently, however, very early dates of appear- 
ance outside Africa (90-100 kya in Israel) have been re- 
ported (see chap. 2). The transition from Neanderthal to 
modern humans is marked by the appearance of people 
with a new and distinctive skull morphology (called Cro- 
Magnon after the site of their discovery in France) and 
new tools (the Aurignacian type). On this basis, Euro- 
pean sites are assigned to Neanderthal or modern hu- 
mans with some confidence, even when no fossil bones 
are found. In Europe, the disappearance of Neanderthals 
and their substitution by modern humans took place be- 
tween 40 and 30 kya. Recent work seems to support 
the first rather than the second date (Straus 1989). The 
situation seems clearer in western Europe, especially in 
France and southern Germany, where the hypothesis of 
replacement of Neanderthals by modern humans occur- 
ring between 35 and 30 kya cannot be rejected (Howell 
1984). In Eastern Europe, data are more contradictory 
and have been interpreted by some paleoanthropologists 
as showing a morphological continuum. This has sug- 
gested to some scientists that there was “unidirectional 
gene flow” from Neanderthals to modern humans (Smith 
1984), although the hypothesis of total replacement is 
not eliminated. 

In practice, from a genetic point of view, the choice 
is between the possibility of replacement without inter- 


nates) and in the northern half of the Russian plains. It 
extends to the tree line in the extreme north. 

Finally, the southern third of the Russian plains is the 
steppe, which is mostly grassy, although shrubs occur in 
some areas. The steppe continues without interruption 
into Asia; in the last 4000 years it has been the cen- 
ter of developments that have influenced human history 
enormously. 


mingling and replacement with intermingling, the latter 
offering the chance of retrogressive hybridization (taken 
as gene flow from the type being replaced). Further dis- 
cussion of the transition may be found in chapter 2. 
Modern humans in Europe were also active as artists, 
as attested to by the rich examples of cave art found 
in southwestern France and northern Spain. The dating 
of the most famous French cave, Lascaux, is relatively 
late (18 kya); direct radiocarbon dates for paintings at 
the near Niaux caves are even later (12,890 + 160 years 
B.P.,.Valladas et al. 1992), but there are earlier mani- 
festations of upper Paleolithic European art, especially 
in southwestern France. Toward 12—10 kya one notes in 
much of Europe the development of a new style of stone 
tools, called microliths because of their small size. This 
period, also called the Mesolithic, concluded the upper 
Paleolithic. It is regarded by many as a distinct stage 
from the upper Paleolithic, rather than its last phase. Af- 
ter the Mesolithic began the Neolithic, which in Europe 
is strictly associated with the appearance of agriculture. 


The Neolithic. The Neolithic period of interest for 
Europe began in the Near East, more specifically in 
the most western lobe of the Fertile Crescent, in the 
southeastern and south-central part of Asia Minor. Here 
the development of a farming economy may have been 
a little later than (and perhaps secondary to) that in the 
southern part (Israel) and northeastern part (northern 
Iraq and northwestern Iran) of the Fertile Crescent, and 
around 9000-—10,000 B.p. In the Fertile Crescent, local 
plants—for example, wheat and barley—and animals — 
sheep and goats, and perhaps slightly later, cattle and 
pigs—were domesticated. This farming economy spread 
slowly in all directions. From Turkey it moved to Mace- 
donia and northern Greece. In the beginning, farmers did 
not use ceramics (pottery): as mentioned earlier, the first 
millennium was aceramic both in the Middle East and 
in the very first European farmers’ settlements, but then 
pottery rapidly spread in the Middle East and from there 
diffused in an apparently short time to the farmers of 
southeastern Europe (essentially Greece). From then on, 
its spread was linked almost exclusively to agriculture. 
At least in Europe, the finding of pottery is a fairly reli- 


able, though not always perfect, archaeological indica- 
tor of the presence of farming. A safer indicator, more 
difficult to study archaeologically, is the presence of ce- 
real grains, since wheat and barley were common as wild 
plants only in the Near East and were imported to Europe 
by the first farmers. 

The farming economy allowed an increase in popula- 
tion density over the previous foraging economies. It has 
been hypothesized that, under the conditions prevailing 
in Europe, demographic growth stimulated and ensured 
the spread of farmers, and a specific model has been 
suggested to explain it (Ammerman and Cavalli-Sforza, 
1973). The proposed model (the wave of advance) re- 
quires no migratory movement other than that which 
takes place locally in a rural population with primitive 
“slash-and-burn” agriculture. Only at the front is there 
a local expansion, with the occupation of new fields in 
virgin territory, and this process advances the frontier 
continuously but slowly. Although many archaeologists 
today are not inclined to favor migrational explanations, 
the wave-of-advance model is gaining increasing recog- 
nition. Its validity has been acccepted by a major author- 
ity in the antimigrationist (or “indigenist’) field (Ren- 
frew 1974, 1987, 1989a, b). The model can be useful 
for explaining not only the expansions of Neolithic farm- 
ers, but also, with little change, a variety of others (see 
Sec. 2.7). 

The early spread of farming from Greece toward the 
north gave rise to several farming cultures in the Balkans: 
Starcevo in Yugoslavia, Koros in Hungary, Cris in Ruma- 
nia, and Karanovo in Bulgaria. In the spread westward to 
southern Italy, southern France, and eastern Spain, a lo- 
cal cultural adaptation arose, marked archaeologically by 
a type of pottery known as Impressed or Cordial Ware. 
Another type of ceramic, Linear pottery, is the archaeo- 
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logical marker for the extension northward starting from 
the middle Danube, then along the Rhine and the other 
rivers going north through the German and Polish plains 
toward the North Sea (fig. 5.2.1). All these cultures also 
have other archaeological characteristics, for example, 
the type of house. The last regions of Europe to be occu- 
pied were the British Isles and Scandinavia. Until some 
time after the beginning of the farming expansion, most 
of Scandinavia was too cold for growing cereals. 

In chapter 2 we described, in a section on expansions, 
a quantitative analysis of the spread of cereals to Europe 
by plotting the distance from the nuclear area of agri- 
culture in the Near East versus the time of first arrival 
in about 100 archaeological European subregions (fig. 
2.7.2). The relationship is basically linear, even if it was 
probably somewhat faster in some areas. The northward 
expansion was slower than the westward, most probably 
because early farmers found it easier to advance along 
the Mediterranean coast. The boats they used cannot be 
in the archaeological record, but it is unquestionable that 
they had the necessary technology because they quarried 
islands in the Aegean and the southern Tyrrhenian for 
obsidian, a material especially valued for the manufac- 
ture of cutting tools. In the German and Polish plains, 
they advanced faster because they could move and settle 
along the rich network of rivers. The advance toward 
Scandinavia was, as already mentioned, delayed by the 
cold climate determined by the slow retreat of glaciers 
in that region. 


The Middle Neolithic and the transition to the metal 
age. Inthe period from 4000 to 3000 B.c., copper min-. 
ing began in the Balkans. At first, copper was used unal- 
loyed or alloyed with antimony, which produced a much 
softer metal than bronze, the alloy of copper and tin that 


Fig. 5.2.1 Neolithic cultures of the 
first phase of the spread of farming 
in Europe (modified from Piggott 
to 5000 B.C. 1965). 
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was developed later. In the early period, copper was rare 
and found in archaeological diggings mostly near ores; 
it was used for axes and ornaments, but stone tools were 
still dominant (the Chalcolithic period). 

Several new cultures appear in the archaeological 
record of this period. Among the earliest testimonials 
are Megalithic monuments, for example, tombs made of 
large stones and shaped as dolmens (made by a flat stone 
placed horizontally on top of several other flat stones ar- 
ranged vertically), menhirs (upright long stones), and 
alignments or circles of menhirs or other stones. They 
were sometimes very elaborate; Stonehenge (in Salis- 
bury Plain, England) is the most famous example. They 
are found over a wide area, the earliest being in Brit- 
tany, England (Renfrew 1987), and Ireland and dating 
from the end of the fifth millennium B.c. until 1000 B.c. 
They extend to Denmark and northern Germany, the At- 
lantic coasts of Iberian Peninsula, islands of the western 
Mediterranean, and Apulia in southern Italy (fig. 5.2.2). 
It seems likely that the first Megalithic monuments were 
built by early farmers, who used them as tombs, temples, 
and astronomic observatories. The pattern of expansion 
shows that the Megalithic builders were also navigators. 

The Bell Beaker group (3500-2500 B.c.) occupied 
most of western and central Europe in a discontinuous 
way (see fig. 5.2.3). It is characterized by a distinctive 
type of pottery that gave the culture its name, and also 
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Fig. 5.2.2 Map of Megalithic monuments in Europe 
(modified from Whitehouse and Whitehouse 1975). 


by single graves, copper, and archery. In older archaeol- 
ogy, this culture was considered the result of a migration, 
whether from west or east it was not clear. In modern 
times, there seems to be a consensus against popula- 
tion movement associated with the Beaker assemblages, 
which are instead believed to be “status kits” of the elite. 
The initially egalitarian Neolithic society was develop- 
ing stratification, but goods found in Beaker burials are 
never as rich as those of the later Bronze Age tombs. 

Other archaeological objects that appear at this time 
show a peculiar geographic distribution: the Globular 
Amphora, Corded Ware, and Battle Axe are distributed 
in this period in central, northern, and eastern Europe 
with partial overlap with the Bell Beaker culture. 

In the steppes a new economy began, pastoral no- 
madism, today recognized as a secondary development 
of the farming economy, which permits a very successful 
adaptation to these environments (sec. 4.3). Two loca- 
tions are possible candidates for the nuclear areas of the 
development of adaptation to the steppes: the Ukraine, 
and the area north of the Caucasus mountains, between 
the Black Sea and the Caspian Sea. The first is on the 
margin of the steppes and could have been settled by 
the late Neolithic cultures of Cucuteni, in northeastern 
Rumania, and Tripolye, near Kiev. The Yamnaia culture 
was located in the second area and gave rise to many 
other later local cultures. At the moment, radiocarbon 
data are insufficient to determine which of these cultures 
came first (Renfrew 1987). In the western part of the 
steppes, in the third millennium B.c., the horse was do- 
mesticated (Anthony and Brown 1991 give earlier dates), 
two- and four-wheeled chariots for transportation were 
developed, and the whole culture started spreading, as 
witnessed by the burial mounds (kurgans) found over 
the entire steppe by 1500 B.c. (Zvelebil 1980). Around 
the middle of the second millennium, the Aryan mi- 
grations spread southward from Andronovo and other 
nearby areas (according to several archaeologists but dis- 
puted by others; see secs. 4.3 and 4.7) toward Iran, 
the Indus Valley, and India. Anatolia and Mesopotamia 
were also occupied by Indo-European-speaking pastoral 
hordes who started some local dynasties (the Mitanni 
and others). 

Archaeologist Gimbutas (1970) suggested that there 
was a westward expansion from the Kurgan area 
above the Caucasus, of pastoral nomads speaking Indo- 
European languages. She describes (maps are given in 
her 1991 book) three waves of expansion from the lower 
Volga-Don region, the first between 4300-3500 B.c., the 
second around 3500 B.c., and the third around 3000 B.c. 
Renfrew (1987) criticized these dates as too early. We will 
discuss in sections 5.3 and 5.12 the linguistic aspects. 


The Bronze Age. The early Bronze Age is especially 
early in western Anatolia (e.g., Troy) and the Greek is- 
lands Cyclades and Crete (3200-2000 B.c.; Whitehouse 
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and Whitehouse 1975). After 2000 B.c. Crete and the 
Greek mainland took over the lead culturally, and prob- 
ably politically. This gave rise first to the Minoan civi- 
lization in Crete, and later to the Mycenean in Greece, 
which flourished until about 1300 B.c. After this time, 
there began a dark age for Greece. 

In central Europe, the Bronze Age began around 2000 
B.C. in southern Hungary and western Rumania and spread 
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Fig. 5.2.3 The Bronze Age in Europe and 
the geographic distribution of some cultures: 
Battle Axe, Bell Beaker, Globular Amphora, 
Corded Ware (modified from Whitehouse 
and Whitehouse 1975). 


outward. It was earlier thought that bronze technology 
had diffused to Europe from West Asia, but it is now 
believed that it was more probably a local development. 

The late Bronze Age saw the diffusion of “Urnfield” 
cultures, beginning in southern Germany, Czechoslo- 
vakia, and Austria around the thirteenth century (fig. 
5.2.4) and spreading east, south and, to a lesser extent, 
north and west, to most of Europe by the eighth century 


Fig. 5.2.4 Map of Hallstatt and La Téne 
cultures and Celtic expansions in the first 
millennium s.c. (modified from Mallory 1989). 
Numbers are dates in years B.c. 
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B.c. Urns were used to contain ashes because cremation 
had replaced the earlier rite of inhumation. 


The Iron Age. Urnfield people in central Europe 
were successful farmers and had able smiths, who pro- 
duced beautiful copper objects. They were probably the 
ancestors of the Iron Age culture named after Hallstatt, 
in western Austria. A more or less direct descendant of 
Hallstatt is the culture named after La Téne (in north- 
western Switzerland) (fig. 5.2.4). These civilizations 
flourished in the first millennium B.c. and were unified 
linguistically through their common Celtic languages. At 
the peak of its development in the fifth to the third cen- 
tury B.c., the Celtic community included southeastern, 
central, and southwestern Europe (see also fig. 5.2.5). 
Its unity was probably based on a common culture and 
language rather than genetic kinship (see sec. 5.8). 

In the first millennium B.c., iron arrived in the Mediter- 
ranean, and in the first centuries there developed in cen- 
tral Italy a major civilization of unknown origin, the 
Etruscans, who spoke a non-Indo-European language. 
Beginning around 750 B.c. and perhaps earlier, Greeks 
colonized the northeastern coast of Africa, the coasts of 
southern Italy, and most of the islands of Sicily and Cor- 
sica, the northern part of the Iberian peninsula, and the 
southern coast of France. At about the same time, Phoeni- 
cians (and their descendants and political successors 
in the western Mediterranean, the Carthaginians) colo- 
nized the island of Sardinia, that of Ibiza in the Baleares, 


Colonization routes 


Greek Fig. 5.2.5 Europe in the first millennium 
B.c.: the Celtic community at its peak, and 
Etruscan the extent of Greek and Phoenician colo- 
nizations (Encyclopaedia Britannica 1972; 
PHoeniolat Alexander 1980). 


the western part of Sicily, the southeastern coast of Spain, 
and the northwestern part of the African coast (fig. 5.2.5). 


Rome and the barbarian invasions. In the last cen- 
turies of the first millennium B.c., the eastern part of the 
Mediterranean fell politically and culturally under the 
control of Greece; but Roman rule, which began in 
the western Mediterranean, eventually extended to all of 
the Mediterranean, the Near East, the Balkans, France, 
and England (fig. 5.2.6). Roma was originally a small 
village and Romans had little or no influence on the 
genetic pattern, but their effect on the social, eco- 
nomic, and linguistic patterns was substantial. In the 
first five centuries A.D., however, the Roman Empire 
was under increasing pressure from “barbarians,” and 
in the fifth century, the western moiety succumbed. 
Many barbarians were originally steppe nomads or 
their descendants who settled in the northern, cen- 
tral, and eastern parts of Europe. Some, such as the 
Huns, came from as far away as Mongolia, and oth- 
ers from southern Russia or closer. They came mostly 
for booty, but some also came to settle. Among the 
latter, the Goths (a Germanic people) established an 
empire in southwestern Russia. Defeated by the Huns, 
Ostrogoths (probably meaning “eastern Goths’’) estab- 
lished a kingdom in Italy after the fall of the Roman 
Empire. Visigoths (“valiant men” or “western Goths,” 
depending on interpretations), who had been allowed by 
the Romans to settle in Rumania, sacked Rome in <.D. 
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Fig. 5.2.6 Composite map of the Roman Empire and major barbarian movements and invasions. Numbers near 
arrows indicate dates in years a.p. (Potter 1980; Hammond 1981). 


408 and resettled in southwestern France (Aquitania). Af- 
ter the fall of Rome, they were defeated by the Franks in 
France, and by the Arabs in Spain. Anglo-Saxon tribes 
from northern Germany and the Low Countries settled 
in England in the fifth century a.D. The Franks, another 
Germanic tribe, left western Germany (near the Rhine) to 
occupy northern Gaul in the fifth century a.p. Langobards 
or Lombards migrated south from northwestern Germany 
in the sixth century A.D. and founded a kingdom that ex- 
tended to much of Italy. These are just a few of the barbar- 
ians who settled in Europe, some temporarily, some on a 
more permanent basis. The numbers of those who settled 
in the new lands are known only with great approxima- 
tion. The pathways of barbarians across Europe after the 
fall of the Roman Empire is shown in figure 5.2.6. 
During the early Middle Ages—the second half of the 
first millennium a.D. and the first years of the second— 
barbarian kingdoms rose and fell, for example, the 
Anglo-Saxon kingdom in England. Much of western Eu- 
rope was unified at the beginning of the ninth century by 
the Carolingians, descendants of the Frankish rulers who 
had earlier occupied northern France. In southeastern 
Europe, the Byzantine empire held sway as far as south- 
ern and northeastern Italy. The barbarian settlements 
(fig. 5.2.7) caused considerable disruption of the Euro- 
pean economy. Development came to a stop, the Ro- 


man road network disappeared, literacy was largely lim- 
ited to Catholic monasteries, trade was disrupted, and feu- 
dal lords were entrusted with considerable local power. 
Only at the beginning of the second millennium did local 
initiatives start to flourish and city states develop under 
the distant control of two warring powers, the Papacy and 
the Holy Roman Empire, which formally derived from the 
Carolingian empire, but was centered east of France. 

The eastern moiety of the Roman Empire resisted for 
another 1000 years after the fall of the western moiety, 
but eventually it too succumbed to Turkic invaders. The 
later history of Europe saw other invaders coming from 
remote distances, none of major importance numerically. 
However, the Magyars, by the ninth century, from an 
unclear area of remote origin, were in the steppes west 
of the lower Don, from where they moved to occupy 
Hungary around A.D. 862. They included perhaps 20,000 
horsemen, with a total of 100,000—500,000 people ac- 
cording to different counts (Guglielmino—Matessi et al. 
1990). Arabs occupied Sicily, Sardinia, southern Italy, 
and Spain in the seventh to the ninth centuries but were 
driven out progressively in later centuries; the complete 
end of Arab rule in Spain did not come until A.p. 1492. 
Turks invaded the Balkans and kept their political con- 
trol over much of the region until World War I. The 
demographic contribution of these invaders is extremely 
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difficult to assess with any degree of accuracy from his- 
torical records. Europe, like China and India, has had 
a very high population density for a long time, and the 
genetic impact of invaders during the last two millen- 
nia is unlikely to have been profound, given the high 
numerical ratio of former inhabitants to invaders. 


Germans 


Population densities and numbers. The neolithiza- 
tion of Europe was completed by 4500 B.c. and took 
almost 4000 years. Farmers spread slowly, in some ar- 
eas faster than in others. The population density rose 
considerably with the transition to agriculture; exact fig- 
ures are not known. There is an estimate of 3000-9000 
for the upper Paleolithic population in England, from the 
analysis of the Star Carr population, based on consump- 
tion of game (Clark 1972). This estimate corresponds 
to a density on the order of 0.02-0.07 inhabitants per 
km. In some other areas, the Mesolithic population 
may have been somewhat more dense, perhaps in the 
south of France. The density of Mesolithic populations 
and of hunter populations in general, is difficult to es- 
timate from archaeological data. Evaluations are based 
on the number and size of archaeological sites. In par- 
ticular, the number may be too small unless the search 
for archaeological sites was exhaustive, or the estimate 
of population density may be too large because hunters 
often had various dwellings in different places for dif- 
ferent times of the year. Clark’s estimate corresponds 
well, however, with the population density of Tasma- 
nia at the time of discovery. If the population density 
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Fig. 5.2.7 Europe in ca. a.p. 800, after the 
barbarian settlement (modified from Kidd 
1980). 


of England was intermediate with respect to that of Eur- 
ope, which was practically uninhabited in more northern 
regions and probably more densely populated in more 
southern ones, then the late pre-Neolithic population of 
Europe was 200,000 to 700,000. With the transition to 
agriculture, the population density rose to 1-5 inhabi- 
tants per km’. An estimate from the Aldenhoven Platte 
in Germany at the time of the early Bandkeramik sug- 
gests a population somewhat above 2 inhabitants per km? 
(Ammerman and Cavalli-Sforza 1984). This was almost 
certainly a very favorable area for farming; if this density 
estimate could be extended to the rest of Europe, one 
would calculate 20 million for the European population, 
which seems far too high, as most of the north was still 
scarcely inhabited or uninhabited with glaciers in retreat. 

McEvedy and Jones (1978) gave the following Euro- 
pean population estimates: 


3000 B.c. more than 2 million 


2000 B.c. 5 million 
1000 B.c. 10 million 
A.D., 200 28-36 million 
A.D., 1000 36 million 
A.D., 1300 79 million 
A.D., 1500 81 million 
A.D., 1900 390 million 


In the last two millennia B.c., growth was especially 
sustained in Greece (for more detailed growth curves, see 
Ammerman et al. 1976), with a dark age between 1200 
and 750 B.c. Growth was also marked in Italy after 1000 


B.c. and continued throughout the development of the 
Roman rule, extending to all of the Roman Empire until 
its collapse. It decreased during the early Middle Ages 
with the destruction brought about by the barbarian in- 
vasions and the collapse of economic and social institu- 
tions. It started growing again in the later part of the Mid- 


5.3. LINGUISTICS 


The great majority of European languages belong to 
the Indo-European (or Indo-Hittite) family or phylum 
(see fig. 5.3.1). Under its more general title, the Indo- 
Hittite phylum includes two major branches: Anatolian 
(all extinct: Luwian, Lycian, Lydian, Palaic, Hittite) and 
Indo-European proper. 

Indo-European consists of nine branches, but their re- 
ciprocal relationships are unclear. According to Ruhlen 
(1987) they are: 


Armenian (a single language) 

. Albanian (a single language) 

. Tocharian (2 languages spoken in western China, extinct) 

. Indo-Iranian (93 languages spoken in Iran, India, 

Afghanistan, Pakistan) 

5. Greek (2 languages) 

6. Italic (16 languages: including Latin [extinct] and west- 
ern and eastern Romance languages) 

7. Celtic (4 languages surviving, spoken in Ireland, Scot- 

land, Wales, and Brittany) 


WN 


EUROPE 263 


dle Ages, but the population fell markedly when the plague 
(the Black Death) in a.p. 1348-1353 wiped out perhaps 
one-third of the total population, in some areas up to two- 
thirds. By a.D. 1500, the population was again at the pre- 
Black Death density and from then on grew at a fairly regu- 
lar, approximately exponential rate to the present numbers. 


8. Germanic (11 languages in north, central, and northwest- 
ern Europe, including Yiddish) 
9. Balto-Slavic (15 languages, spoken in eastern Europe) 


The problem of reconstructing a tree for Indo- 
European languages has been considered almost insur- 
mountable when approached with rigorous statistical 
methods, mostly because of the considerable overlap be- 
tween languages of the different clusters listed above. 
Today most linguists prefer to list the clusters without 
any attempt at organizing them in a hierarchy. 

Four major languages of the Uralic family are also 
spoken in Europe: Hungarian, Finnish, Lapp, and Es- 
tonian. Hungarian was imposed by the Magyars, who 
conquered the country at the end of the ninth century 
A.D.; the time of arrival of the other Uralic languages in 
nothern Europe is not clear but is earlier. The area of 
origin of these languages is believed to be the central 
Urals. 


RQ ecrarien 


ndic Fig. 5.3.1 Geographic distribution of Indo- 
European, Basque, and Uralic languages around 
a.p. 1500 (Ruhlen 1987). 
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Another non-Indo-European language spoken in Eu- 
rope is Basque. This is one of nine language isolates 
(including four extinct ones) that are reasonably well 
known, but cannot be classified into any of the current 
phyla. Basque is spoken in the western Pyrenees, with 
less than 100,000 speakers on the French side (perhaps 
only 25,000-30,000 according to knowledgeable local 
sources) and 2—3 million on the Spanish side. There are 
some similarities indicating a distant relationship with 
North Caucasian languages (Gamkrelidze and Ivanov 
1990). It has also been suggested on tenuous grounds that 
it is related to Berber and Afro-Asiatic languages (Alliéres 
1979). The simplest hypothesis one can make is that 
Basque was spoken by the local Mesolithics before the ar- 
rival of Neolithics, which may have brought the first Indo- 
European language into the area (see secs. 5.6 and 5.9). 

The origin of Indo-European languages 1s at the center 
of the problem of the origin of Europeans. Almost all 
possible hypotheses have been made (fig. 5.3.2), but two 
areas of origin seem to deserve greater attention than the 
others: Anatolia (modern Turkey) and Ukraine. 

Anatolia as the area of origin of Indo-Europeans has 
been suggested a number of times by a variety of lin- 
guists, most recently by proponents of the Nostratic 
superfamily (Dolgopolvsky 1988), chiefly on the basis 
of early borrowings from neighbors, which were greater 
and more convincing for the Semitic languages. The 
Anatolian origin has been forcefully supported in a re- 
cent book by the archaeologist Renfrew (1987). The at- 
tempt is especially interesting also because traditionally 
archaeology has refrained from taking a stand on linguis- 
tic questions. There is in fact no direct information in 
archaeological material on language before the advent of 
writing; but Renfrew argued that language replacement 
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Fig. 5.3.2 Hypotheses on the 
place of origin of Indo-European 
languages, proposed since 

1960 (Mallory 1989). 


can take place only in specific circumstances that depend 
on the social structure of the people involved, and ar- 
chaeology can inform us on this aspect. He has therefore 
paid special attention to anthropological process. 

In section 2.6 we summarized three situations (which 
we reduced to two) that Renfrew listed, in which a 
change of language can occur. The first situation is ex- 
emplified specifically by the movement of early farm- 
ers into Europe 9000-5000 years ago. Renfrew (1987) 
accepted the wave-of-advance model of early farmers 
(Ammerman and Cavalli-Sforza 1984) and added to it 
the hypothesis that early farmers in Anatolia (and, in 
general, in the Fertile Crescent) spoke an Indo-European 
language. According to him, the expansion of farming 
to Iran and India also carried Indo-European languages 
eastward (Renfrew’s hypothesis A), but he did not ex- 
clude the alternative, traditional hypothesis (hypothesis 
B) that these languages arrived there with the Aryan pas- 
toral nomads, who occupied these lands around 1500 B.c. 
(see secs. 4.6 and 5.2). 

Under hypothesis B, the diffusion of Indo-European 
languages to South Asia (including Iran) was a sec- 
ondary phenomenon. It would then have taken place 
according to the second of the processes listed by Ren- 
frew, called the elite-dominance model, in which a rel- 
atively small group of highly organized people, who 
are militarily and politically efficient, invades a country 
and successfully imposes its own language. The social 
organization of the invaders is expected to be highly 
stratified, or at least to correspond to a “chiefdom” soci- 
ety. Unquestionably, Aryan society fits this description. 
Ordinarily the conquerors also have some specific mili- 
tary advantage, which was certainly true of the Aryans. 
In later work, Renfrew (1989a,b,c) dismissed hypoth- 
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esis. A regarding the origin of Indo-Iranian languages and 
replaced it with the idea, previously discussed, that the 
expansion of agriculture from the Middle East diffused 
three linguistic families: Indo-European toward Europe, 
Dravidian toward Pakistan and India, and Afro-Asiatic 
toward Arabia and North Africa. Essentially the same 
hypothesis was suggested by Cavalli-Sforza (1988). 

There is no direct evidence of the language spoken 
by the early farmers, and the main support for the hy- 
pothesis that Indo-European languages were first spread 
to Europe by Anatolian farmers comes from Renfrew’s 
theoretical considerations. But the alternative hypothe- 
sis that Indo-European languages were spread to Europe 
(as well as to India) by pastoral nomads of the western 
steppe (Gimbutas 1970) is not incompatible with Ren- 
frew’s hypothesis. The Kurgan expansion postulated by 
Gimbutas is much later than the Neolithic expansion of 
farmers from the Middle East. Both expansions could 
well have taken place. Both are supported by genetic 
evidence (see sec. 5.11). The Kurgan people were pos- 
sibly descendants of migrants from the Neolithic area of 
origin. The relationship of their languages, however, is 
difficult to assess. 

To support her hypothesis, Gimbutas also used the no- 
tion of the “homeland” of Indo-Europeans, which was 
identified according to the roots for the names of trees that 
are common to most Indo-European languages (Friedrich 
1970). Many of these trees were frequent in southern Rus- 
sia 5000 years ago, but they are not characteristic of only 
that area, nor has the possibility been excluded that many 
of them were present, say, in Anatolia at earlier times. 

According to Renfrew, modern archaeological evi- 
dence on the Kurgan culture shows that at the time postu- 
lated by Gimbutas the area had not developed the degree 
of sociopolitical and military sophistication necessary for 
an expansion of pastoral nomads capable of imposing 
their language by the process of elite dominance. Only 
later, perhaps at the time of the Aryan invasion of India, 
would an elite have been able to expand toward Europe. 
But at the end of the Neolithic and beginning of the age 
of metals, the time postulated by Gimbutas, Europe was 
already fairly heavily populated. It was therefore too late 
for a process of language replacement by a population 
expansion in a near vacuum, and too early for a process 
of elite dominance. 

Paraphrasing Renfrew (1987), it is obvious that Mid- 
dle Eastern farmers carried with them their language, 
which must have undergone much transformation and lo- 
cal differentiation during the slow colonization of Europe. 
Because farmers were in greater numbers than hunter- 
gatherers in most areas, they are very likely to have re- 
tained their language, but only some Mesolithics— who 
had reached unusually high numbers—were able to con- 
serve their own. Basques are the outstanding example 
of this conservation. It is possible that other non-Indo- 
European languages—for example, Etruscan—survived 
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for a long time (or came from other places, according to 
some classical legends and hypotheses). A few languages 
spoken in Europe and belonging to other families (Altaic, 
Uralic) are later introductions, some well-documented 
historically. For a summary of alternative views of ori- 
gin of Indo-Europeans and the linguistic criticisms of 
Renfrew’s hypothesis see Mallory (1989) and Diamond 
(1991a, 1991b) who support Gimbutas’ hypothesis. 

The Celts, a people and a language subfamily 
widespread in central and northern Europe at the be- 
ginning of history, present a major problem (Renfrew 
1987, Mallory 1989). It is unlikely that Celts expanded 
in the manner of the early farmers; Europe was far too 
populated at the time and not a near vacuum. How can 
one explain the spread to Europe of the Celtic language 
and culture without any expansion of people and without 
a sociopolitical organization responsible for it? Only a 
few things seem beyond dispute; the Celtic identity of 
the Hallstatt culture and the later La Téne culture. The 
archaeological map shows that the Celtic culture contin- 
ued its expansion (fig. 5.2.5) until it was finally checked 
by the Romans in the first century B.c. Northern Italy, 
France, England, and part of Spain were speaking Celtic 
languages (but probably not exclusively) at the time 
of the Roman conquest, around 2000 years ago. Latin 
replaced Celtic and other languages in all Celtic areas 
that fell under the Roman rule. Today, Celtic languages 
survive only at the extreme periphery of their original 
expansion in areas the Romans did not reach, or in which 
they did not establish full control, or in which Celts may 
have sought refuge in their retreat from the Romans. 

It would therefore seem that if the Celtic languages 
spread in the second half of the second millennium B.c. 
under the influence of a cultural and perhaps also a 
military elite, with little or no demic component, few 
genetic traces are likely to be found. Other cultural ex- 
pansions for which it is difficult to find a genetic or lin- 
guistic counterpart are those of the Megalithic monument 
builders mentioned earlier (sec. 5.2). 

We must also consider the spread of other recog- 
nized branches of Indo-European languages: Romance, 
Germanic, Baltic, and Slavic (the latter two are of- 
ten considered a single branch, Balto-Slavic). Like the 
Celtic languages, these may have originally been a local 
dialect that spread at different times and places to a 
fairly large area by cultural mechanisms, but perhaps 
also by demic ones or by military conquest. The spread 
of Romance languages was obviously determined by the 
military conquest and political control of parts of Europe 
by the Romans, who imposed their social organization 
and political control along with the Latin language. This 
is a clear example of the spread by an elite, with very 
little, if any, demic component. Latin replaced many lan- 
guages, but especially other Indo-European ones, like 
those of the Celtic groups, in all of the Roman Empire 
(fig. 5.2.6). The introduction of English, Spanish, and 
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Portuguese to the Americas followed a similar pattern. 
The spread of Germanic, and Balto-Slavic languages is 
less well understood for lack of adequate historical in- 
formation; it may have had more of a demic component 
than the spread of Latin. The time available for regional 
differentiation after the spread may have been similar to 
that for Romance languages, which may have started 


5.4. PHYSICAL ANTHROPOLOGY 


Since the Industrial Revolution, Europeans have under- 
gone a marked change in physique. The oldest series of 
stature measurements show an increase in average stature 
that was slow at first during the nineteenth century, but 
has accelerated during the twentieth. Stature may have 
reached its final state in some parts of northern Europe 
and may still be changing in the south, where industrial 
development had a later beginning (see, e.g., Chamla and 
Gloor 1987). The causes of this increase are not known. 
They may be related to improved nutrition, but other, 
most probably environmental, causes are also at work. 
As aconsequence, it is difficult to attribute a clear genetic 
meaning to body measurements, especially in Europe. 

In general, linear measurements tend to follow stature, 
even if they need not be simply proportional to it. 
Because of this, uncertainties concerning the genetic 
determination of stature carry over to most other lin- 
ear measurements. There exist many estimates of “her- 
itability” (i.e., the proportion of variation caused by 
genetics) for metric traits, and they are often very 
high, but they are not sufficient to indicate that the 
determination of these traits is mostly genetic. They 
are obtained from measurements of similarity (correla- 
tions) between relatives—like parent-child, sib-sib, or 
members of twin pairs—but they almost never exclude 
secular trends, or socioeconomic influences culturally 
inherited in families, social strata, and countries. There 
is therefore no guarantee that the observations of anthro- 
pometric variation in space or time reflect genetic dif- 
ferences rather than socioeconomic, nutritional, or other 
environmental and historical factors. 

Moreover, ratios between linear measurements—such 
as the famous or infamous cephalic index by Retzius 
(1900), which has commanded an enormous and totally 
unjustified degree of attention for about 100 years—do 
not guarantee independence from environmental influ- 
ences. Because, in the last two centuries, European 
populations, more than other aboriginal groups, have 
been exposed to recent environmental changes affecting 
anthropometrics, Europe is probably that part of the 
world in which it would be most dangerous to rely on 
genetic conclusions based on anthropometric measure- 
ments. Some anthroposcopic traits—for instance, skin 
color and especially hair and eye color and pattern — are 
even more difficult to measure, not sufficiently under- 


diverging more strongly after the fall of the western Ro- 
man Empire (about 1500 years ago); the time may have 
been somewhat less for Slavic languages. 

All other Indo-European branches must have arisen at 
an earlier time and are sufficiently old, or unsuccessful, 
that they are represented by few, one, or even no living 
languages. 


stood from a genetic point of view, and subject to sexual 
selection of unknown strength, constancy, and direction. 
It is possible, however, that some of these limitations 
will be removed in the future when the molecular genet- 
ics of these traits will be known. The fact remains that 
light skin and eyes are almost uniquely characteristic of 
northern Europeans. 

Geographic maps of single physical traits have been 
studied intensively by early physical anthropologists. Al- 
though there undoubtedly can be—and in some cases, 
there certainly is—at least partial genetic determination, 
the exact mechanism of inheritance is unfortunately un- 
clear. 

The geographic distribution of the pigmentation of hair 
and eyes in Europe (fig. 5.4.1) is especially characteris- 
tic: both hair and eyes are lightest in the south Baltic and 
their darkness increases fairly regularly and almost con- 
centrically around this region. One may wonder whether 
this center was the place of origin of mutation(s) to light 
pigmentation and whether there may have been a cause 
for selection (natural or sexual) of light pigmentation 
in this region. Did such mutation(s) recur in other ar- 
eas? They are found not infrequently in Sicily, where in- 
stead of a local recurrence, it is easier to think they were 
brought by Norman invaders in the eleventh century, 
and in the Middle East, where crusaders were not ded- 
icated exclusively to the dissemination of the Christian 
faith. 

We have discussed skin color in chapter 2. The evo- 
lutionary explanation advanced for skin color is that it 
represents a selective adaptation to the intensity of solar 
radiation, whereby the skin is darkest in hot and dry 
climates and lightest at high latitudes. But white skin 
has a strong peak only in northern Europe and not in 
other parts of the world. It has been suggested (Loomis 
1967) that light skin color makes it possible to produce 
the necessary amount of vitamin D in the skin at high 
latitudes (because the production of vitamin D from pre- 
cursors contained in food requires that enough ultraviolet 
radiation reaches the deep layers of the skin), and in the 
north the intensity of solar radiation is not sufficient 
unless the skin is unpigmented. The darker skin color 
of the Lapps and of all the other Arctic populations is 
explained, in light of the vitamin-D hypothesis, on 
the basis of their different nutritional customs. In fact, 
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Scandinavians of non-Lappish origin were farmers and 
needed unhindered exposure to solar radiation for pro- 
ducing vitamin D from precursors contained in wheat. 
Arctic inhabitants are herders, hunter-gatherers, or fish- 
ermen and have a supply of ready-made vitamin D in 
their diet. They therefore do not need to have a light 
skin. 

We may also add that all anthroposcopic characters of 
skin, hair, and eyes are likely to be subjected to strong 
sexual selection, which, according to Darwin, was the 
major factor in the ethnic differentiation of humans. Un- 
fortunately, the contribution of sexual selection is diffi- 
cult to test, preferences are characteristically unstable, 
and very sensitive to frequency of types in populations. 
Climate is also believed to be important in the determi- 
nation of stature and weight, in humans as in all animals. 
But stature has changed drastically in Europe in the last 
two centuries, starting in the north, for reasons that are 
largely unrelated to natural selection and probably de- 
pend on artificial modifications of our living environ- 
ment, diet, etc. (Costanzo 1948; Damon 1968; Chamla 
and Gloor 1987). 

Harding et al. 1989 attempted to use craniometric data 
of ancient Europeans to test the hypothesis of prehis- 
toric migrations. Results did not support an expansion of 
farmers from the Middle East but early Neolithic speci- 
mens, which would be necessary to test this hypothesis, 
were tantalizingly few. There have been many attempts 
at a classification of European peoples based on anthro- 
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Fig. 5.4.1 Pigmentation of hair and eyes (Coon 
1954). 


pometric and anthroposcopic characters. As usual, the 
number of “races” varies greatly with authors; the most 
influential classification using few races was suggested 
by the American economist W. Z. Ripley (1899) just 
before the turn of the century. It recognized three Euro- 
pean races: Nordic or northwestern Europeans, described 
as tall, fair, and dolicocephalic (long-headed); Alpine 
or central and eastern Europeans, described as short, 
stocky, brown-haired with much body hair, and brachy- 
cephalic (short-headed); Mediterranean (Iberian Penin- 
sula, southern Italy, Greece, North Africa, Near East, 
Arabia), described as short, slender, dark, often with 
curly hair, and dolicocephalic. 

Alpines were hypothesized to be the result of Neo- 
lithic immigration from Central Asia, which separated, 
like a wedge, the older inhabitants into two groups, 
Nordics and Mediterraneans. The hypothesis is mani- 
festly at odds with our modern notions on Neolithic col- 
onization of Europe. Seen as a taxonomic effort, Ripley’s 
classification tried to summarize a complex geographic 
pattern and was inevitably unsatisfactory. Several anthro- 
pologists tried to improve on this classification, as usual 
with divergent results. 

Ripley was not to blame (Coon 1954) for the psycho- 
logical taxonomy of European “races,” which became 
very popular at the beginning of this century and forms 
one of the most ludicrous confusions among customs, 
culture, and genetics—in short, a perfect example of 
“scientific” racism. 
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5.5. THE GENETIC PICTURE 


Europe is the continent with the most genetic informa- 
tion but is also the least easily interpretable on the basis 
of trees. It owes the first distinction to the high density 
of universities and medical laboratories per square kilo- 
meter and to the great interest in historical problems that 
also makes Europe the most investigated continent from 
an archaeological point of view. The second distinction 
is due to a variety of factors. European populations are 
classified by countries, which are often heterogeneous, 
being composed of subgroups on which there is only oc- 
casionally enough information for separating them in a 
clear fashion. Many of these countries have been unified 
politically or linguistically for a sufficiently long time 
that internal migration has blurred some of the original 
differentiation. There is a need, however, to study in de- 
tail the internal genetic heterogeneity of these countries. 
We have done this work so far only in a limited way, 
but it is rewarding, and we will see examples for Italy, 
France, and Spain. Moreover, the central part of Europe 
is fairly homogeneous genetically and has little tendency 
to form a tree. To some extent, this may be due to the 
Neolithic diffusion, which has ironed out many initial 
differences in the central region, leaving a fairly smooth 
gradient. 

A tree analysis (fig. 5.5.1), eliminating several less 
well tested populations, was made for 26 populations 
with 26.4% missing data. The average number of genes 
is 88. The tree shows a number of outliers, a few small 
clusters, and a larger cluster of central Europeans. 

The extreme outliers are Lapps, followed by Sardini- 
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ans; both populations are well known genetically. In a 
bootstrap analysis for testing the robustness of the tree, 
Lapps are outliers in 76% of the bootstraps, being re- 
placed as first outliers by Sardinia 18% of the times; 
Sardinia is the next outlier in 63% of the bootstraps in 
which Lapps are first. 

There is then a group of five less extreme outliers, in 
the following order: Greeks, Yugoslavs, Basques, Ice- 
landers, and Finns. The rest of the populations form a 
series of small groups, all of which comprise geograph- 
ically close neighbors or related populations, in the form 
of a linear tree. These groups, in order from the most 
peripheral in the tree to the most central ones, are: 


1. Celtic (Scots and Irish) 

2. Eastern Europeans (Russians, Hungarians, Poles) 

3. Southwestern Europeans (Spaniards, Portuguese, and 
Italians) 

4. Czechoslovaks, who do not join other Slav speakers, 
but are approximately intermediate between them and the 
central subcluster of the Germanic group below, to whom 
they are geographically close 

5. Northwestern Scandinavians (Norwegians and Swedes) 

6. French, who are related to the Germanic group below 

7. Germanic populations, including two subclusters, north- 
ern and central: the first subcluster is made up of Dutch, 
Danish, and English people; the second of Austrians, 
Swiss, Germans, and Belgians 


It is clear that there is a basic linguistic association 
within these subclusters, with exceptions worth examin- 
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Fig. 5.5.1 Genetic tree of 26 European 
populations. Fs; distances are based on an 
average of 88 genes. 


ing. The first small cluster includes the two Celtic popu- 
lations in the sample. The second includes two of the four 
Slavic-speaking populations; the third (Czechoslovak) is 
isolated in the tree, probably because of its intermediate 
geographic position (it is located between Slavic- and 
German-speaking people and was part of the Austrian 
empire for some time). The fourth, Yugoslavian, is an 
extremely heterogeneous country, historically and genet- 
ically, and is not included in the cluster, being an outlier. 
Hungarians are linguistically intruders in this group, but 
that is discussed more thoroughly in section 5.6. Swedes 
and Norwegians are associated both geographically and 
linguistically: of the other three countries in Scandinavia, 
two (Iceland and Finland) are outliers for good reasons, 
also discussed in section 5.6, and the third (Denmark) 
belongs genetically and geographically to the northern 
Germanic populations. France is rather heterogeneous 
genetically and is discussed separately. The most cohe- 
sive group consists of people speaking Germanic lan- 
guages; of these, Belgium and Switzerland are divided 
linguistically, with Flemish and German speakers being 
the majority in the two countries, respectively. 

This tree most probably has no historical interest in 
the present case, but other approaches can help disen- 
tangle some of the complex historical and prehistori- 
cal events that shaped the history of Europe and they 
will be examined in the next sections. The PC map 
(fig. 5.5.2) based on an average of 88 + 0.1 genes 
accounts for 50% of the original genetic variation and 
confirms the external position of the outliers Lapps and 
Sardinians. Other major outliers like Greeks, Basques, 
and Finns are on the borders. There are two relatively 
clear clusters, one of northern and one of central Eu- 
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ropeans, separated by the second PC. Southern Eu- 
ropeans overlap with central Europeans, on the opposite 
side from the northern ones. Apart from outliers, the PC 
map reflects to some extent geography, as is often the case. 
Table 5.5.1 gives Fsy genetic distances of Europeans. 
An interesting new method of analysis was intro- 
duced by Barbujani et al. (1989) and applied to human 
variation in Europe (Barbujani and Sokal 1990). It for- 
malizes a proposal by Womble (1951) of identifying 
genetic boundaries as regions of rapid genetic change. 
The quantities that are used for this analysis are the local 
slopes of gene-frequency surfaces. The authors visual- 
ized boundaries as “lines separating two different 
regions, each one displaying comparatively little vari- 
ation’; they recognized that no definition permits the 
unambiguous distinction of boundaries from gradients 
or clines (“wide areas of gradual biological change,” in 
the authors’ words). It seems a boundary 1s ideally a 
narrow cline with a recognizably high local slope, but 
it might also be a local change in the slope of a cline, 
and it is difficult to give numerical thresholds that might 
help definitions. It is unlikely that a sharp boundary in a 
continuously inhabited region is due to change in natural 
selection across the boundary; it is more likely that it 
signals a local decrease in genetic exchange. Boundary 
detection is greatly facilitated by using a multivariate 
approach and looking for boundaries that are visible with 
many independent genes, which is what the authors have 
done in practice. Local decrease could be due to one 
or more of a great variety of barriers limiting exchange 
between two regions. The first and most natural are geo- 
graphic barriers: the sea, mountains, and major rivers. 
The island condition notoriously predisposes to isolation 
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Fig. 5.5.2 Principal-component map of 
Caucasoids: N, C, and S denote northern, 
central, and southern Europeans, 
respectively. 


Table 5.5.1. Genetic Distances (in the lower left triangle of the matrix) and Their Standard Errors (in the upper right triangle of the matrix) between European Populations (all values x 10,000) 
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Icelandic 
Irish 
Norwegian 
Scottish 
Swedish 
Greek 
Italian 
Portuguese 
Spanish 
Yugoslavian 
Finnish 
Hungarian 
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22 


37 0-27 
49 56 
72 74 
10 939 
15 24 
5 13 

0 9 
47 0 
60 30 
10 60 
15 40 
16 69 
16 54 
22 70 
106 144 
84 150 
21 58 
53 121 
39 82 
144 177 
38 = 64 
51 65 
69 117 
118 137 
77 139 
46 25 
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37 
64 
81 


BEL 


DAN DUT ENG ICE 


IRi} NOR SCO SWE GAK ITA POR SPA YUG FIN HUN 


10 18 31 6 15 17 95 11 8 
21 29 75 11 15 20 125 31 7 
23 30 49 24 +28 29 148 #149 9 


14 12 62 15 17 18 106 19 18 
O 15 42 16 18 18 116 31 26 
74 #20 S70 18S 1620S 15 «= 107) —s«d16~—SsOT1 
253 230 0 29 2 33 133 32 16 
112 95 77 0 12 15 88 19 11 
97 78 103 44 0 17 #87 19 = «11 
100 99 162 61 48 0 84 27 27 
248 213 213 119 139 172 0 141 123 
166 82 150 94 119 159 248 0 29 
124 99 88 =s«6 1 63 118 136 115 0 


and hence to genetic difference. Political barriers may be 
more transient, but they also tend to generate a certain 
degree of isolation. Language differences are also high 
on the list of expected barriers. Other social sources of 
isolation exist, from religion to customs, history, etc., 
but in general there is a good correlation among many 
of these barriers. 

The results of analyzing Europe by this technique are 
shown in figure 5.5.3 taken from Barbujani and Sokal 
(1990), with some simplification, which does not de- 
tract from the accuracy of the conclusions. We also omit 
the description of the significance tests and thresholds 
imposed by the authors, which are inevitably arbitrary. 
Using 63 allele frequencies measured at 19 genetic loci, 
the authors found 33 barriers that passed the tests of sig- 
nificance. They are indicated by bars of different lengths 
in the figure, and they have all been recognized as such 
on the basis of a number of different gene-frequency sur- 
faces. These boundaries are listed in the figure legend. 

The authors stated that 31 of the 33 boundaries are also 
linguistic boundaries (more precisely, 26 language differ- 
ences and 5 dialect differences). There is unquestionably 
a high correlation of genetic and linguistic boundaries. 
The authors also count 22 physical boundaries among the 
31, 4 montane and 18 marine. The residual nine are lin- 
guistic but not physical. They conclude, therefore, that 
“language barriers may oppose the process of population 
admixture” (Barbujani and Sokal 1990). This is proba- 
bly correct, but the proof is not complete because po- 
litical and socio-historical barriers are not considered. 
Of the nine genetic boundaries without obvious physi- 
cal boundaries, three compare Lapps and non-Lapps (see 
sec. 5.6): an initial genetic difference of some magni- 
tude between Lapps and non-Lapps, an enormous dif- 
ference in culture and economics, and more than two 
thousand years of historical separation have created a 
barrier against cross-mating or marriage. This has been 
in part overcome (hence some of the observed gene flow 
among Lapps), but genetic isolation has continued at a 
level sufficient to maintain a detectable fraction of the 
initial genetic difference. Some of the other pairs—The 
Netherlands and Germany, Austria and Hungary, north- 
ern and southern Yugoslavia, northern and southern Ger- 
many (not linguistically different)— have long had differ- 
ent customs, religions, and political affiliations. Hence, 
there have been more than linguistic factors of genetic 
isolation. 

In the 22 cases in which there are both physical barri- 
ers and genetic boundaries, it is reasonable to postulate 
that the causal arrow 1s likely to go more from physical 
barriers to both genetic and linguistic differentiation, 
rather than in other directions. Once linguistic differen- 
tiation has set in, however, it is very likely that it will in- 
crease the genetic separation by making marriages across 
geographic plus linguistic barriers even less likely. An 
analysis of the power of linguistic differences in deter- 
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Fig. 5.5.3 Zones of sharp genetic change in Europe and 
their correspondence with linguistic boundaries (Barbu- 
jani and Sokal 1990). 1, western vs. eastern Iceland; 

2, Norway vs. Iceland (Norwegian-Icelandic); 3, north- 
ern Finland vs. Sweden (Finnic-Germanic); 4, central 
vs. northern Finland (Finnic-Lappic); 5, Kola Penin- 
sula vs. Finland (Slavic-Finnic); 6, Finland vs. Swe- 
den (Finnic-Germanic); 7, southwestern vs. northern 
and eastern Finland; 8, Ireland vs. Iceland (English- 
Icelandic); 9, Scotland vs. Orkney and Shetland Islands 
(Celtic-Germanic); 10, southern Scandinavia vs. Scot- 
land (Norwegian-English); 11, England and Wales vs. 
Ireland (Celtic-Germanic, in part); 12, England vs. The 
Netherlands (English-Dutch); 13, England vs. France and 
Belgium (Germanic-Romance); 14, Germany vs. The 
Netherlands (German-Dutch); 15, central vs. southern 
Germany; 16, Iberia vs. Iceland (Romance-Germanic); 
17, France vs. Italy (French-Italian); 18, Switzerland 
and Austria vs. Italy (Germanic-Romance); 19, Austria 
vs. Hungary (Germanic-Ugric); 20, Transylvania 
(Romance-Ugric); 21, northwestern Iberia vs. the rest 
of Iberia (Basque-Romance); 22, Catalonia vs. Corsica 
(Catalan-Italian); 23, Catalonia or Baleares vs. Sar- 
dinia (Catalan-Sardinian); 24, Corsica vs. France (Italian- 
French); 25, Corsica vs. Italy; 26, Corsica vs. Sardinia 
(Italian-Sardinian); 27, Sardinia vs. Italy (Sardinian- 
Italian); 28, northern vs. southern Italy; 29, Italy vs. 
Yugoslavia (Romance-Slavic); 30, Italy vs. Albania 
(Romance-Albanian); 31, northwestern vs. southeastern 
Yugoslavia; 32, northern vs. central and southern Greece; 
33, Sicily vs. Malta (Romance-Semitic). 


mining genetic isolation might be more easily attempted 
at the level of individuals, by comparing the frequencies 
of marriages in countries like Switzerland or Belgium. 
Such an atomistic type of research would also suffer 
from considerable complications, however, because of 
the confounding effects of propinquity of mates and 
correlations in social class (geographic and social ho- 
mogamy), which are not always easy to eliminate. In 
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any case, it seems extremely likely that linguistic differ- 
ences do help to create genetic isolation and can generate 
some of it even when they are the only cause of isolation. 
All things considered, it would be difficult to disagree 
with Barbujani and Sokal (1990), except for noting that 
the separation of possible factors of genetic isolation is 
incomplete in their conditions of study. 

It is of interest to compare the specific pattern of ge- 
netic differentiation revealed by the map in figure 5.5.3 
with that obtained by the tree and PC map analyses of 
the two previous figures. There is in general very good 
agreement; of course, figure 5.5.3 cannot indicate, in its 
present form, the strength and hence the hierarchies of 
the observed boundaries. It is interesting that the popu- 
lations we chose quite independently in this section cor- 
respond reasonably well with those suggested by fig- 
ure 5.5.3. We did not include Corsica or Romania among 
the regions or countries considered in the tree, nor did 
we separate western from eastern Iceland, or the north- 
ern from the southern parts of Italy, Yugoslavia, Greece, 
or Germany. Some of these were excluded to maintain a 
high number of genes, a necessity especially when dif- 
ferences are very small. Most of Europe is exceptionally 
homogeneous. 

We were planning to analyze single countries individ- 
ually, something that has been possible only for a few of 


them (sec. 5.7—5.9). If we could have chosen, how- 
ever, to use these genetic boundaries for defining popu- 
lations to be analyzed by tree or other methods (as sug- 
gested by Bateman et al., 1990 a, b, c), we would have 
had to consider almost all of central Europe, most of 
Scandinavia, the Baltic countries, and European Russia 
as a single large population, somewhat against common 
sense. The approach cannot, by definition, detect slow 
gradients lacking regions of sufficiently sharp change. 
With greater resolution, as could be provided by 10 
times as many gene frequencies as available now, more 
boundaries would have been detected and smaller popu- 
lation units created, but with no guarantee that detectable 
boundaries would form closed units. Europe is, we may 
remember, by far the continent best known genetically, 
and inevitably resolution can be expected to be even 
worse in most other parts of the world. 

In the remainder of this chapter we examine the major 
and best-known outliers, then those European countries 
for which it has been possible thus far to prepare detailed 
synthetic maps: Italy, France, and Spain. A few other 
European countries have enough information that the 
Same work may be extended to them in the near future. 
Finally, we examine geographic maps of single genes 
and synthetic maps of the whole continent, which allow 
us to give a summary of the genetic history of Europe. 


5.6. MAJOR OUTLIERS: LAPPS, SARDINIANS, BASQUES, AND ICELANDERS 


Four major outliers in Europe on the basis of genetic 
or historical information, are, in order of divergence, 
Lapps, Sardinians, Basques, and Icelanders. They have 
no simple relationship to each other or (with the ex- 
ception of the last two) to any other population. The 
greatest distances in the matrix (see table 5.5.1) are 
those between Lapps and Sardinians (667) and Lapps 
and Basques (669). The smallest is that between the 
Dutch and Danes (9). Listed below are the distances (x 
10,000) of all the outliers from their nearest geographic 
and genetic neighbors. 


Lapps: Finns (210), Swedes (333), Norwegians (317) 

Sardinians: Italians (221), Greeks (190) 

Basques: French (93), Spaniards (104), Italians (141) 

Icelanders: Norwegians (74), Irish (99) 

Greeks: Italians (77), Austrians (86), Yugoslavs (213) 

Yugoslavs: Belgians (50), Czechs (101), Austrians (110), 
Italians (115), Greeks (213) 

Finns: Belgians (63), Austrians (77), Germans (77), 

Swedes (82), Norwegians (94), Russians (153) 


Yugoslavs are lowest in the number of genes sampled 
(62), with all others having from 75 to 106. This may 
partly explain their high similarities to nonneighbors, 


but these similarities are also observed with Finns (96 
genes). Likewise, Greeks show greater similarity to Aus- 
trians (and to other central Europeans) than to their 
nearest neighbors, the Yugoslavs. Europe, especially at 
the center, has low genetic heterogeneity, and distances 
of peripheral countries from any central European one 
therefore tend to be similar. Like Greeks and Yugoslavs, 
Finns show unexpected similarities to central Europeans, 
greater than those to more immediate neighbors. Many 
of the distance differences are not significant, and sam- 
pling error is responsible for most of these superficially 
paradoxical results. On the other hand, the similarities of 
Basques to French and Spaniards, of Greeks to Italians, 
and of Icelanders to Norwegians are clear, even though 
all these populations are different enough from the rest 
of Europe that they are outliers in the tree. 


5.6.a. LAPPS AND OTHER URALIC-LANGUAGE 
SPEAKERS 


The origin of the Lapps is obscure. They have been in 
the same area for over 2000 years, according to archae- 
ological information (Encyclopaedia Britannica 1974). 
They are found in the northern area of four countries, 


Norway (20,000), Sweden (8000), Finland (2500), and 
the USSR (1900). They call themselves Saame, and they 
speak eight dialects, clustered in three main groups that 
are mutually unintelligible languages, all belonging to 
the Uralic family (Hajdee 1975). Unfortunately, it was 
not possible to separate the groups according to dialects, 
but only according to the country in which they live. 
There is clearly considerable variation between samples, 
as might be expected of a highly fragmented popula- 
tion living in small groups. In the mountains, Lapps are 
(and were) nomadic herders of reindeer; in the forest, 
hunters of wild reindeer and freshwater fishermen; on 
the coast, hunters and fishermen. Today there has been 
considerable acculturation. Physically they show marked 
individual differences and vary from a dark to a blonde 
phenotype. 

A genetic analysis has shown that they are an ad- 
mixture of Mongoloid and Caucasoid people, in approx- 
imately equal proportions (47.5% and 52.5%, respec- 
tively; standard error, +4.9%). The ancestral types used 
were Samoyeds, Komi, and Mari for the Uralic group, 
and eastern and southeastern Europeans from Poland to 
northeastern Italy, chosen in order to avoid populations 
that might have had earlier admixture with Finno-Ugric 
populations (Guglielmino-Matessi et al. 1990, using 
Wijsmann’s (1984) method of calculating admixture). A 
second estimate was derived by using the formulas indi- 
cated in chapter | and the Fs; distances given in chap- 
ter 2. Here Samoyeds are restricted to people east of the 
Urals. Fs7 distance values (<x 10,000) are: 


between Samoyeds and Danes 828.5 
between Samoyeds and Lapps_ 857.3 
between Danes and Lapps 334.3 


Norwegians and Swedes were not used because they may 
have had admixture with Lapps in the more distant past. 
The calculated proportion is 82% European and 18% 
Samoyed. Unfortunately, little is known genetically of 
western Uralic speakers, who are closer geographically 
and perhaps might be more satisfactory as an ancestral 
type. The estimate by Guglielmino-Matessi et al. 1990 
incorporated the little genetic knowledge available on 
them and used a more general European type. Perhaps 
the 18% estimate sets a lower limit to the admixture 
proportion, with an upper limit of 47%. 

The simplest hypothesis is that Lapps were originally 
Mongoloids from western Siberia or northern Russia 
(where some Lapps are still located) who moved west 
toward Scandinavia in areas where reindeer were com- 
mon. This animal’s optimal habitat was probably at a 
lower latitude in earlier millennia. The Neolithic came 
late to Scandinavia (3000 B.c. in the south) because most 
of the peninsula was still covered by ice or was too cold 
for the growth of cereals. It is not known where or when 
contact was first made between Lapps and Scandina- 
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vian farmers; perhaps in central Scandinavia or south- 
ern Finland, or even farther south if Lapps (or more 
precisely, reindeer) ever reached that far. If that is true, 
then Lapps must have slowly retreated to the extreme 
north of Scandinavia where they now live, under pres- 
sure from Scandinavian pioneers heading north, but in 
the process they must have received important gene flow. 
This might have been reciprocal, but the dominant direc- 
tion must have been from Caucasoid to Lapp. There is 
historical evidence of contact for more than 1300 years: 
Lapps paid tribute to Norwegian chieftains in a.p. 700. 
In 1500 years, with a gene flow of 1.1% per generation, 
the final admixture rate expected is 50%; with 2.6%, 
it is 80%. The time of contact may have been longer, 
but of course gene flow need not have been so regular, 
and other scenarios could be hypothesized for the admix- 
ture. In the course of the process, Lapps retained their 
original language, although it certainly underwent pro- 
found changes and borrowed heavily from Scandinavian. 
The estimate of time since genetic admixture is not in- 
formative, being inordinately high. The whole problem 
certainly deserves further examination. 

Of the other two major European populations that 
speak a Uralic language, the Finns have a proportion 
of 90% European genes and 10% Uralic with a stan- 
dard error of +4.1% (Guglielmino-Matessi et al. 1990). 
An analysis of Hungarians gave similar results. Hun- 
gary was occupied by Magyar invaders, herders who 
spoke a Uralic language and lived on the steppes west 
of the lower Don in the ninth century 4.D. From 100,000 
to 500,000 of them, organized in seven major hordes, 
crossed the Carpathians in A.D. 862 and occupied the 
territory of modern Hungary. They formed a fraction 
of 10% to 50% of the total population after the inva- 
sion. Subsequent gene flow from neighbors is likely to 
have decreased this initial proportion if it was higher 
than 10%. The current estimate of admixture is 13% 
(+2.3%). 


5.6.b. SARDINIA 


The second major outlier is Sardinia, an island having 
currently over 1.5 million people in an area of 24,000 
km?, located 200 km from both the Italian coast and the 
North African coast. It is geographically close to Cor- 
sica, but the two populations have had profoundly differ- 
ent histories and are ethnically different. The first inhab- 
itants of Sardinia were pre-Neolithic; a date for human 
habitation of 9120 + 380 B.P in the north-central part 
of the island (Spoor and Sondaar 1986) is also the ear- 
liest date for any island in the Mediterranean. The most 
important and characteristic archaeological finds are the 
nuraghi, stone houses (sometimes fortresses) of pecu- 
liar shape, not dissimilar from buildings found on some 
other islands or coastal areas in the Mediterranean, from 
the Baleares to Greece. The nuraghi were built between 
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1500 and 400 B.c. There were 6000-7000 of them on 
the island, with a characteristic geographic distribution 
in which they were always in sight of one another. Some 
larger nuraghi were centers of villages of 300-500 peo- 
ple. If the nuraghi were all occupied at the same time, 
the population may have been over 200,000 people. 

Around 800 B.c., the Phoenician colonization of the 
coasts started, especially in the south, and was later 
continued by a Phoenician colony in Tunisia (Carthage). 
With the increase of Roman power in the Mediterranean 
and the defeat of Carthage, Sardinia was occupied by the 
Romans, who were not, however, able to ever fully con- 
quer the interior. Invasions by Vandals, Byzantines, and 
Saracens followed each other at the fall of the Roman 
Empire, with Arab domination lasting until the tenth cen- 
tury. The island then fell under the control of Pisa, fol- 
lowed by the joint forces of Catalonia and Aragon, and 
finally the Piedmont kingdom. The last three masters left 
colonies in restricted areas of the island, of which there 
remain linguistic imprints in three enclaves: a Catalan- 
speaking area in the northwest, colonists from Piedmont 
and Liguria still speaking their dialects in the southwest, 
and Tuscan in the northeast. All settlers in the last two 
millennia have, however, left limited genetic traces. 

By far the most important cause of the considerable 
genetic differences between Sardinians and any other 
population known in Europe or Africa is drift, because 
many genes deviate grossly from regional average gene 
frequencies. Sardinia has the lowest frequency of RH- 
negative genes (20%) in the whole Mediterranean, the 
highest frequency in the world of the MNS*M gene 
(78%), and a unique frequency of the Diaphorase-2 
(DIA2) gene not included in our analysis. HLA and 
GM are also anomalous; the world’s highest frequency 
of HLAB*/8 is present in Sardinia as are a few typical 
African alleles, although the general distribution is far 
from that of Africans (Piazza et al. 1985). Thalassemia 
variants have peculiar frequencies: one molecular variant 
(B°°), has the highest frequency in Sardinia, and is rare 
in most other places. 

An earlier analysis (Piazza et al. 1975) showed that, 
in the Mediterranean, Sardinians were most similar to 
Italians, Lebanese, and North Africans (Greeks were not 
considered). Using the present, larger sample of genes, 
distances (X 10,000; with standard errors) of Sardinia 
from other relevant populations are: 


Greeks 190 + 32 
Italians 221 255 
Basques 261 + 67 
Lebanese 340 + 66 


North Africans 732 + 168 


Given the magnitude of the standard errors, one can 
exclude only the North Africans as important contribu- 
tors. Italy and Greece are likely to have been the sources 
of the first Neolithic occupants. Neolithics were origi- 


nally from the Middle East and Turkey; their genotype, 
however, was probably already somewhat diluted by pos- 
sible gene flow from local Mesolithics in the passage 
through Greece and southern Italy. The modern Lebanese 
are the most direct descendants of Phoenicians, who also 
contributed to the Sardinian gene pool. As discussed in 
Piazza et al. 1988a, there are some similarities between 
Sardinia and the Caucasus, a very important area, that 
is unfortunately not very well known genetically. Thus, 
remote genetic origins still appear recognizable in spite 
of conspicuous drift that must have occurred at an early 
time. 

The extent of drift expected to have occurred in Sar- 
dinia can be approximately estimated by considering 
that, in the late Paleolithic, the Sardinian population may 
have been made up of 700-1800 individuals at satura- 
tion, assuming a population density equal to that of the 
aboriginal inhabitants of Tasmania or of England (see 
sec. 5.2). This small census size would have generated 
considerable drift over the millennia, and it is unneces- 
sary to invoke a very small number of founders, which 
is not, however, entirely excluded. Neolithics must have 
added new genes, but, given the distance from the 
coasts, they may have been relatively few, adding per- 
haps new founder drift. Not much is known about the 
early Neolithic in Sardinia (Lilliu 1983); a clearer demo- 
graphic picture is available for the later, nuragic popula- 
tion, the density of which was enough to freeze further 
drift and maintain gene frequencies not far from present 
levels. Later settlements were limited to the coastal ar- 
eas, except for those of Phoenician and Carthaginian 
origins, which were numerous in all the south, but es- 
pecially in the southwest of the island (Barreca 1986). 

Sardinia has been the object of studies on linguistic 
differentiation and the distribution of surnames. Numer- 
ous dialects are spoken on the island; although they are 
Romance, several words seem to point to a pre-Indo- 
European substrate of unknown origin (Wagner 1941). 
Latin is the first Indo-European language known to be 
spoken in Sardinia. If this statement remains unchal- 
lenged either the first Neolithic immigrants to Sardinia 
were too few to impose their language or they did not 
speak a language belonging to the Indo-European family. 
Some dialects are historically known, and late additions 
are easily identified. The linguistic data base used for 
this analysis (Contini et al. 1989; Piazza et al., in press) 
consists of 195 meanings similar but not identical to 
the Swadesh list, studied in 38 sites distributed over the 
island. These were grouped into 21 areas. The similarity 
of areas was studied by trees and principal components. 
Moreover, surnames in Sardinia have been studied from 
three sources: consanguineous marriages in the last 150 
years, over 30,000 marriages (Zei et al. 1983; Wijs- 
man et al. 1984; Zei et al. 1986); telephone lists, over 
180,000 households (Piazza et al. 1987); and electric- 
ity bills, over 400,000 households (Zei, pers. comm.). 


ye) 


O-WDWDONDANWND 
as 


Fig. 5.6.1 Comparison of trees projected on geographic 
maps of Sardinia for (A) surnames, (B) linguistics, and 
(C) genetics (data from Piazza et al. in press). 1, Sassarese; 
2, Gallurese; 3, North-West Logudoro; 4, East Logudoro; 
5, South Logudoro-Planargia; 6, Goceano (Alta Valle del 
Tirso); 7, Circondario di Bitti; 8, Nuorese; 9, Baronia di 
Orosei-Siniscola; 10, Monte Ferru; 11, Fonni-Barbagia 

di Ollolai; 12, North Campidano di Oristano; 13, Media 
Valle del Tirso; 14, Barbagia di Belvi; 15, Ogliastra; 

16, South Campidano di Oristano-Arborea-Tregenta; 17, 
Tregenta-Parteolla; 18, Transition from Gerrei to Tregenta; 
19, Sarragus; 20, Sulcis-Iglesiente; 21, Campidano 

di Cagliari; 22, Alghero. 


All these surname sources gave very similar results. Sur- 
names are transmitted by the male line and therefore re- 
flect only male migration; in Roman Catholic European 
countries, surnames started officially and on a rather gen- 
eral basis in the late sixteenth century, but they usu- 
ally represent (1) fathers’ names (first names were also 
transmitted in the family in practically all European tra- 
ditions) or (2) professions, also transmitted most fre- 
quently in the family (Zei, pers. comm.). They are also, 
more rarely, toponymics (place names, probably speci- 
fying early origin) or nicknames, which are of more ran- 
dom nature with respect to genealogy. They all clearly 
originate with the language, though sometimes they can 
be carried over from earlier languages spoken in the area. 
Most surnames are thus older than their official begin- 
ning. Sardinia has an environment more favorable to a 
pastoral than to an agricultural economy and has had 
very little immigration from the outside. Surname data 
were treated statistically with procedures similar to those 
used for genetic data. They give results of considerable 
precision because of the statistical mass of data covering 
almost the entire population. 

The tree analyses of surname, linguistic, and genetic 
data are presented also in the form of geographical maps 
(figs. 5.6.1A, B, C). The genetic data, although abun- 
dant, are not as exhaustively representative of the whole 
island as the surname and linguistic data: they are pre- 
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sented in figure 5.6.1C. One can note a north-to-south 
gradient in all representations. The darkest area in the 
geographic presentation of the genetic tree corresponds 
with the area of highest concentration of pre-Latin place 
names (Contini et al. 1989). The correlations between 
linguistic, surname, genetic, and geographic distances 
are given in the following table: 


Surnames Genetics Geography 
Language 0.89 0.68 0.76 
Surnames 0.66 0.65 
Genetics 0.64 


These are not Pearson correlation coefficients but sim- 
ilar “congruence” coefficients calculated after the nonlin- 
ear transformation by Sch6nemann and Carrol (1970) has 
been applied to make the four distance matrices com- 
parable. The Mantel 1967 test modified by Sokal and 
Wartenberg (1983) gives high significance (P < 0.001) 
for all 6 coefficients. 
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The correlation is highest between language and sur- 
names, as they might have essentially the same time 
depth. It is somewhat lower, but still rather high, vary- 
ing between 0.64 and 0.68, between genetics and all the 
other variables. Genetics refers to a more distant past 
and is also less well known than the other three. 

Very recently, di Rienzo and Wilson 1991 have tested 
part of the control region of mtDNA on a number of 
Sardinians and people from the Middle East. The an- 
tiquity of Sardinians is stated to be compatible with a 
date of settlement from southern Europe between 9000 
and 6000 years ago. An analysis of the shape of distri- 
butions of distances between all possible pairs of indi- 
viduals tested for a given population is in agreement 
with the idea that. Sardinians and Middle Easterners 
(and similarly, Japanese and American Indians of the 
North Pacific) have been subjected to important demo- 
graphic growth, whereas Pygmies and Khoisans have 
not. This is in reasonable agreement with the different 
demographic patterns of farming populations and of for- 
agers. Important numerical increase was true of farming 
populations for the last several millennia, and also to 
some extent of American Indians of the North Pacific, 
who are fishermen in very affluent areas. By contrast, 
hunter-gatherers like Pygmies and Khoisans must have 
been almost stationary demographically for a very long 
period. 


5.6.c. BASQUES 


Basques are today confined to a fairly narrow zone 
in the western Pyrenees, from southwestern France to 
northeastern Spain, where the Basque language is still 
spoken. Basque speakers are few in France (30,000- 
90,000 according to estimates) and are found only in the 
extreme southwest corner, although, in the past, their 
territory was much larger (see sec. 5.8); today they 
are much more numerous in Spain (see sec. 5.9). It is 
believed that Basques were in the present area be- 
fore the arrival of Neolithics some 6000-7000 years ago 
(Bosch-Gimpera 1943; Cavalli-Sforza 1988; Piazza et al. 
1988a) and spoke a proto-Basque language, a pre-Indo- 
European relic (Collins 1986). If so, they may be di- 
rect descendants of upper Paleolithics of the Cro-Magnon 
type (Cavalli-Sforza 1988; Piazza et al. 1988a). The an- 
cient Basque region is rich in caves with excellent paint- 
ings, the best known of which are Lascaux in south- 
western France and Altamira in northeastern Spain. The 
Basque language is of unknown origin and is one of the 
few language isolates that cannot be classified in any of 
the known phyla. Some remote resemblances have been 
found, however, with North Caucasian languages (see 
sec. 5.3). It has also been claimed that there is some 
similarity with an extinct language, Iberian, spoken in 
the Iberian peninsula in pre-Roman times, but Iberian is 
too poorly known for any clear statement to be possible. 


Basques are not completely isolated from their neigh- 
bors, and their identity as Basques is mostly linguistic 
and cultural, but the barriers thus generated are suffi- 
cient to maintain a certain level of endogamy. Even so, 
we have seen that their similarity to neighbors, in partic- 
ular French and Spaniards, is not small; although their 
distance from other Europeans is greater than the aver- 
age inter-European distance, they are not as segregated 
genetically or geographically as the first two major out- 
liers considered above. One of them, Lapps, lives in an 
isolated environment where they survived thanks to a 
very specific cultural adaptation, whereas the other, Sar- 
dinians, are isolated on the most remote of the Mediter- 
ranean islands. Basques show some genetic similarity 
with Sardinia (distance 0.0261) and West Asia (distance 
0.0247), especially with the area of the Caucasus (Piazza 
et al. 1988a), as the synthetic maps also show. It would 
seem as if the linguistic origin 1s reflected in part by 
the genetic origin and that the Near Eastern similarity of 
Basques has antecedents predating the Neolithic expan- 
sion from the Near East. Further discussion of Basques 
is found in sections 5.8 and 5.9. 


5.6.d. ICELAND 


The other isolate that appears as an outlier of Europe 
is Iceland. This island was settled beginning in A.D. 874, 
according to tradition, by western Norwegians from the 
region between Trondheim and Bergen, and the settle- 
ment was completed in a relatively short time. More- 
over, Icelandic cattle, which were certainly imported by 
the first settlers on their long boats, are genetically Norse 
(Kidd and Cavalli-Sforza 1974). From the ninth century 
until the twelfth century, the Vikings settled widely on 
the coasts of northern Europe, including the northern 
coasts of Scotland and Ireland, and other islands in the 
North Sea; a lively exchange was certainly established 
among these Viking colonies. The first settlers of Iceland 
numbered about 20,000 according to tradition (the Land- 
nahmabok), but after the first two centuries there were 
no further major settlements. The island soon fell under 
Danish rule, but there probably was very little additional 
immigration, if any. It is only recently that Iceland be- 
came independent of Denmark. The population has mul- 
tiplied by a factor of about 10 since the beginning, and 
the language is still more similar to old Scandinavian 
than to other Scandinavian languages. 

In earlier genetic analyses (Bjarnason et al. 1973), it 
became clear that, for blood-group ABO, Icelanders were 
more similar to Scots and Irish than to Norwegians; the 
hypothesis was proposed that the population of Iceland 
was mostly of Scottish and Irish origin, perhaps because 
the original settlers made many slave raids in the British 
Isles. There is also one toponym in Iceland, Papar, which 
suggests that Irish monks may have come to the island 
before the Norwegian settlers. Even if this is true, it 1s 
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unlikely that a few Irish monks could have been demo- 
graphically as effective as required by the Irish-Icelandic 
similarity for the ABO data. It has become increasingly 
clear, however, that ABO data are not necessarily as re- 
liable as one would like them to be for assessing ethnic 
origins. They are known to be subject to natural selection 
for some infectious diseases, many examples of which 
are summarized by Mourant et al. (1983). ABO was ex- 
tremely popular for a long time for human evolutionary 
studies, being the first polymorphic gene discovered and 
having considerable clinical importance. It is still the 
gene for which the most data exist. When a few other 
loci were added to the analysis, the conclusions did not 
change dramatically. However, when a larger number 
of markers were tested and data from Ireland or Scot- 
land were taken from provinces that were less frequently 


5.7. ITALY 


Italy is fairly well known genetically, thanks to the 
support given to human population genetics by the first 
three Italian professors of genetics (C. Barigozzi, A. 
Buzzati-Traverso, and G. Montalenti), even though they 
were not personally involved in research in this field. 
Piazza et al. (1988b) published an analysis by principal 
components of 34 gene frequencies (from the loci ABO, 
MNS, KELL, RH, HP, and 24 HLA alleles), including 
synthetic maps of the first three PCs. The number of lo- 
cations for which data were available varied from 31 for 
HLA to 319 for ABO. The ordinary PC map in two di- 
mensions (not given here) shows that Sardinia is remote 
from all the other 13 Italian regions represented. Accord- 
ingly, Sardinia was not included in PC analyses for build- 
ing synthetic maps, for it would have used up most of the 
information of the first PC. Northern Italy shows simi- 
larities with countries of central Europe, whereas central 
and southern Italy are more similar to Greece and other 
Mediterranean countries. Averages for the whole country 
are intermediate, putting Italy as a subcluster somewhat 
peripherally in the major European cluster, together with 
Spain and Portugal and separate from Greece, which is 
an outlier. 

Figures 5.7.1-5.7.3 reproduce synthetic maps of the 
first three PCs of Italy, which account for 27%, 18%, 
and 14%, respectively, of the total variation. The first 
synthetic map shows a clear gradient from north to south. 
One pole of the first axis is in the extreme south, in the 
eastern part of Sicily and the southern part of Calabria, 
which are separated by the narrow strait of Messina. The 
opposite pole includes all the north and center. Between 
Rome —which is centrally located on the peninsula—and 
the south, there is a progressive gradient of the PC. This 
corresponds to the well-known differences in physical 
type (especially pigmentation and general size) between 
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settled by other Scandinavians (Wijsman 1984), western 
Norwegians showed the greatest similarity to Icelanders. 

In our data, the population closest to Icelanders is that 
of Norwegians (distance, 0.0074) followed by the En- 
glish (0.0076), Belgians (0.0079), and Danes (0.0088). 
The distance from the Irish is 0.0099, from Scots 
0.0112, and from central Europe, a somewhat higher 
average. The location in the PC map of figure 5.5.2 
may seem closer to the British Isles than to Scandinavia, 
but PC maps give only approximate indications of the 
distance from nearest neighbors. The standard errors at- 
tached to the distances show that the information is not 
adequate for solving the problem with complete confi- 
dence, but at least the data are in the expected direction 
and in agreement with the traditional information that 
Icelanders came principally from Norway. 


northern and north-central Italians on one side and south- 
ern Italians on the other (Livi 1896-1905). 
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Fig. 5.7.1 Synthetic map of Italy with the first principal 
component, accounting for 27% of the total variation. 
The eight classes of proportionally denser shading repre- 
sent intervals of PC values from lowest to highest (low 
and high are arbitrary and could be interchanged). Sar- 
dinia is excluded; otherwise it would entirely account for 
the first PC (from Piazza et al. 1988b). 
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Fig. 5.7.2 Synthetic map of Italy showing the second 
principal component, which accounts for 18% of the to- 
tal variation. The five classes of proportionally denser 
shading represent intervals of PC values from lowest to 
highest (low and high are arbitrary and could be inter- 
changed). Sardinia is excluded; otherwise it would en- 
tirely account for the first PC (from Piazza et al. 1988b). 


Northern Italians are more similar to central Euro- 
peans, whereas southern Italians are closer to other 
Mediterranean people, being darker and smaller. The ex- 
treme western portion of Sicily, however, differs from 
the eastern part. In particular, the northwestern corner, 
not far from the city of Palermo, is genetically closer 
to northern Italy. The historical origin of this anomaly 
can probably be traced to the influx of Norman people 
in this area; strong artistic evidence of their presence is 
still visible in much of the architecture of Palermo. Nor- 
man conquerors settled here in the early eleventh century 
and the existence of a nonnegligible proportion of Sicil- 
ians with light pigmentation of the skin, hair, and eyes 
is well known and is generally attributed to the Norman 
invasion. There is, however, also a prehistoric difference 
between western and eastern Sicilians. The first inhabi- 
tants (Sicani) were pushed west by a wave of immigrants 
from the peninsula (Siculi). This happened in pre-Greek 
times (1000 B.c. or earlier), and one cannot exclude the 
possibility that these earlier inhabitants also contributed 
to the west-east difference. 

Sicily and southern Italy were heavily colonized by 
Greeks beginning in the eighth to ninth century B.c. (see 
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Fig. 5.7.3 Synthetic map of Italy showing the third prin- 
cipal component, which accounts for 14% of the total 
variation. The six classes of proportionally denser shading 
represent intervals of PC values from lowest to highest 
(low and high are arbitrary and could be interchanged). 
Sardinia is excluded; otherwise it would entirely account 
for the first PC (from Piazza et al. 1988b). 


fig. 5.2.5). The demographic development of the Greek 
colonies in southern Italy was remarkable, and in classi- 
cal times this region was called Magna Graecia (Great 
Greece) because it probably surpassed in numbers the 
Greek population of the motherland. The Greek language 
was spoken until the twelfth or thirteenth century A.D. and 
a proportion of surnames in this area (up to more than 
8% in a small region) are still Greek (see fig. 5.7.4), 
with a geographic distribution very similar to that of the 
first PC. An area of eight to nine villages in the middle 
of the heel of Italy still speaks a Greek dialect today, 
but these might be people of Byzantine origin whose 
ancestors settled there in the fifth or sixth century A.D. 
The eastern Roman Empire (Byzantium) held much of 
southern Italy after the fall of the western Roman Em- 
pire, and Greek was its official language. This Greek- 
speaking enclave shows little or no genetic difference 
from its neighbors (Modiano et al. 1965). 

Much of southern Italy, including Sicily, fell under 
Arab domination between the seventh and the eleventh 
centuries A.D. The genetic contribution of Arabs is dif- 
ficult to assess. In Sicily, the toponomastic pattern of 
village and town names of Arab origin is spread ho- 
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Fig. 5.7.4 Distribution (%) of Greek surnames in southern 
Italy (G. Zei, unpubl. data). 


mogeneously over the island (Barrai, unpubl.). Interest- 
ingly, this finding came about by comparing the names 
of the Sicilian “comuni” with Arab town names, using 
a computer program normally employed for detecting 
homology in DNA sequences. 

There is a slightly darker area in the northeast of Italy 
in the province of Ferrara, near the Adriatic coast, in- 
dicative of possible southern admixture. This area was 
colonized by Etruscans and later, in Byzantine times, by 
Greeks. 

The second synthetic map shows some dark and light 
areas of interest. The most striking dark area is in a 
region north of Rome (in southern Tuscany and northern 
Latium) that is almost exactly congruent with the most 
ancient area formed by Etruscan cities, beginning before 
800 B.c. Before the Romans, the Etruscans were the 
most developed civilization in Italy. They spread first 
to northern Tuscany, including Florence (the name Tus- 
cany comes from the old name of the Etruscans, Tusc1). 
Then they extended both north to northern Italy, and 
south to Rome. According to legend, they came from 
northwestern Turkey (specifically from the city of Troy). 
The language is not Indo-European (Pallottino 1978). 
Among the many hypotheses on its origin, it has been 
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suggested that, like Basque, it is most closely related to 
North Caucasian (Gamkrelidze and Ivanov 1990). 

One may wonder why and how a people known only 
through its culture and language—both of which disap- 
peared two thousand years ago, having been obliterated 
by the development of Rome—may still leave a trace 
on the genetic map. If the local population of southern 
Tuscany had a strong demographic development at some 
early time (in the case of Etruscans, the beginnings of 
the Iron Age around 3000 years ago), and if later migra- 
tion from the outside were limited, then the local gene 
pool would be reasonably resistant to later modification.. 
If any genetic differences with neighbors were present 
at the beginning, they might thus resist cancellation and 
persist for a long time; the greater the initial genetic dif- 
ference, the greater the resistance and persistence. This 
might indicate therefore that Etruscans were colonists of 
external origin, but it is difficult to exclude the possibil- 
ity that they originated from an autochthonous popula- 
tion that diverged genetically from its neighbors because 
of initial isolation and drift. 

The intensity of one PC is usually insufficient to dis- 
tinguish all possible populations. Thus, Etruscans have 
about the same intensity of the second PC as people 
from extreme northwestern Italy, but, on the basis of 
historical considerations, it is unlikely that there is any 
special genetic kinship between the two. Etruscans are 
also relatively similar, for the second PC, to some south- 
ern Italians. Only the combination of different PCs can 
help distinguish these different populations. The color 
map (Piazza et al. 1988b) superimposing all principal 
components shows clear differences among the three. 

The negative pole of the second map (that is, the light 
areas) is found around the regions of Rome and Naples. 
It is probably due to the strong immigration toward these 
two cities that took place over several periods during the 
last 2000 years in the case of Rome, and over the past 
500 years in the case of Naples. The immigration came 
from a wide hinterland partly common to both cities and 
therefore generated some similarities between them. 

The third synthetic map shows a dark area correspond- 
ing to the core of the region inhabited in pre-Roman 
times by an ancient, perhaps pre-Indo-European popu- 
lation, the Ligurians. Although the region of Liguria is 
now limited to the coast south of the Appennine moun- 
tain range, it is precisely to such mountainous areas that 
vanquished populations tend to retreat, because defense 
is easier. In such areas, they are also least likely to mix 
with other people and are therefore of special genetic 
interest. The pole opposite that of the Ligurians, in the 
third PC, corresponds to another important pre-Roman 
Italic population of the early Iron Age, the Picenes. 
The pole is located roughly at the center of the region 
they occupied, on the coast of the upper Adriatic. They 
traded with Greece but very little with Etruria. Their 
number was estimated at 250,000 in the third century B.c. 
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(Beloch 1886). Linguistically, they were part of an east- 
ern group of Italic languages, Osco-Umbro-Sabellic. 

Superimposing the three synthetic maps, printed with 
different colors (green for the first PC, blue for the sec- 
ond, and red for the third), allows us to distinguish 
clearly peaks and troughs that are very similar for only 
one component. In the color map, for instance, Etruscans 
are pale green, and easily distinguished from southern 
Italians (dark purple) and from northwestern Italians 
(brown), although all these populations have a similar 
intensity for the second PC. Picenes are also more eas- 
ily distinguishable from neighbors, being white. Rome 
and Naples are clearly different. As already noted, Sar- 
dinia was not included in the analysis. 

The Italian population is one of the most dense in 
Europe and has been so for several millennia. At the 
time of the Roman Empire it was estimated to be around 
6-7 million, about 10% of the total population of the 
empire. In the Middle Ages, and probably as early as the 
third century, socioeconomic conditions began to deteri- 
orate. The wars between Byzantines and Goths, and later 
with Langobards, caused a population decrease, down 
to a minimum in the seventh century of about 50% of the 


5.8. FRANCE 


In France, especially in its southwestern corner, the 
upper Paleolithic period is especially well known and 
has the further distinction of having produced the most 
important collection of rock paintings and cave art in 
the world. The contiguous region of northeastern Spain 
is also rich in upper Paleolithic art, created at a similar 
time and ordinarily believed to be closely related. The 
prototype of modern humans comes from Cro-Magnon, 
geographically fairly close to the most famous painted 
cave, Lascaux. The earliest dates of modern humans in 
this part of Europe (based on artifacts) are around 33 kya, 
and there are carvings going back to the early period; but 
the most important artistic contributions are dated to the 
Magdalenian period, 15-11 kya (Klein 1989a). 

Languages related to modern Basque were most proba- 
bly spoken in this area. Even the name of a southwestern 
French region, Gascogne, seems related. Today there are 
only a limited number of French speakers of the Basque 
language because of strong governmental campaigns in 
favor of the national language. But toponymy gives ev- 
idence that the Basque language was once more widely 
spread over southwestern France. Figure 5.8.1 shows the 
location of place names in France and Spain presumed to 
be Basque on the basis of their endings. It also shows the 
boundaries of high ABO*«O blood-group gene frequency. 
The local high frequency of RH-negatives, which gave 
rise to the belief that Basques might be a proto-European 
population (Mourant 1954), is more clearly visible in 
Spanish Basque country. However, no single gene distri- 


maximum at the time of the Roman Empire. Numbers 
started to grow again (McEvedy and Jones 1978) and 
were 10 million by A.p. 1300. After the serious losses 
caused by the epidemic of plague known as the Black 
Death in A.D. 1340, they were down to 7 million and 
returned to 10 million in A.p. 1500. C. Cipolla (pers. 
comm.) gave values about 3 million higher with the same 
trend. 

Italian history and later prehistory are reasonably well 
known for almost 3000 years, especially in the central 
and southern regions, and genetic data are more com- 
plete than in most other countries. It thus becomes pos- 
sible to interpret the vagaries of the synthetic maps on 
the basis of plausible historical facts. Naturally, the in- 
terpretations are based almost exclusively on the corre- 
spondence of the geographic areas showing anomalies in 
the synthetic map with historically known local develop- 
ments. Such correlations can hardly be taken as proofs, 
but frequently the coincidences are sufficiently striking 
that it would be difficult to ignore them. Whenever other 
approaches are available, they should be used for corrob- 
orating or falsifying the suggestions coming from such 
correspondences. 


bution is ever sufficient to give a completely satisfac- 
tory picture. We discussed the Basque problem in sec- 
tion 5.6 and further discussion is in section 5.9; suffice 
it to say here that there is support from many sides to 
the hypothesis that Basques are a relic upper Paleolithic 
population. Gene flow from people who arrived later in 
the area, starting with the Neolithic, did not completely 
cancel the genetic identity of the group. Despite consid- 
erable archaeological research in south-western France, 
there are no estimates of the population size of the re- 
gion inhabited by Cro-Magnon people in the Paleolithic, 
but it might have been comparable to that estimated for 
England in the Mesolithic (sec. 5.2), that is, perhaps 
10,000—20,000 people. 

Neolithic immigrants to southern France most prob- 
ably came via the Mediterranean, whereas those to the 
northeast and to the Parisian region came from Germany 
(the Bandkeramik culture, sec. 5.2). This immigration 
pattern may have established an initial basis for the 
genetic differentiation of northern and southern France. 
In the Bronze Age, important megalithic constructions 
were made, especially between the northwestern corner 
(Brittany) of France and the center. In the Iron Age, 
at the time of La Tene (500 B.c.), the majority of the 
French spoke Celtic languages, as did most people in 
central Europe and northern Italy; between the fourth and 
second centuries B.c., Gauls made several raids into Ro- 
man territory. It is impossible to say whether the Celtic 
language was brought by a small group of conquerors or 
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e Place names ending in -os, -osse, -Ous, -OSst, -0Z 
Place names ending in -ues, -ueste 
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--c-- 73% limit of blood-type O population 


Fig. 5.8.1 Place names of probable Basque origin in 
southwestern France and northeastern Spain and blood- 
group O distribution (Bernard and Ruffié 1976). 


a full invasion of Celtic people from central Europe or 
further East, nor do we know if Celtic dialects were al- 
ready spoken in Gaul before the Iron Age (see sec. 5.3). 
Except for the southwestern corner, most of France 
was under Celtic domination by the end of the third 
century B.C. 

Historical data on Gaul began to be abundant with 
Julius Caesar’s report of his conquest (58-50 B.c.). The 
southeastern corner (called the Roman Province, hence 
the modern name of Provence) was conquered by the Ro- 
mans before Caesar. A wide region including the south- 
western corner received the name of Aquitania. Basque 
was spoken here according to Roman archaeological 
documents (Alliéres 1979). The name of Aquitania was 
later extended north to include most of the wide region 
between the Garonne and the Loire, the northern part of 
which was mostly Celtic. North of these two regions, 
Gaul was divided by the Romans into four administra- 
tive zones and included Belgium, French Switzerland, 
and neighboring parts of Germany. At least 74 tribes, al- 
most all Celtic, can be approximately placed on the map 
of Gaul (Fierro-Domenech 1986). Tribes lived in areas 
demarcated by uncleared forest tracts that acted as buffer 
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zones. In Roman times, the population numbered about 
5 million people, a high density for that time (though 
roughly 10 times less than now). The Roman language 
(Latin) fully replaced the Celtic dialects, of which only 
a few words survive in languages spoken today. Modern 
French evolved during the Middle Ages from Latin in 
this area, as summarized afterward in this section. 

Later genetic contributions were probably scarce. Ger- 
man contributions include some German soldiers in the 
Roman army who were authorized to settle in France 
as farmers or as auxiliary soldiers. Visigoths were al- 
lowéd by Rome to settle in Aquitania in A.D. 410, but 
later moved to Spain and left only a small genetic con- 
tribution. Burgundians, originally from the southeastern 
Baltic, settled in eastern France, but were crushed by 
the Huns. They gave the name to Burgundy, but sur- 
vivors settled in Savoy. Another Germanic people, the 
Alemanni, settled in Alsatia and Switzerland and gave 
their language to these regions. Yet another Germanic 
tribe, the Franks, moved from the lower Rhine to north- 
eastern France, which was more sparsely settled at the 
time. The Franks are also believed to have contributed 
relatively little genetically to the Parisian area, which 
was then already heavily settled by Gallo-Romans, but 
they developed efficient political control of the region. 
They also imposed the local dialect on most of northern 
France and finally on the entire country, except for small 
peripheral enclaves. Altogether the German genetic con- 
tribution is estimated to have involved 300,000—350,000 
people, or 6%-7% of the population of Gaul (Fierro- 
Domenech 1986). However, Celtic people were them- 
selves a mixture of central Europeans, and the high ho- 
mogeneity of central Europe and northern Europe was 
probably already established, at least in great part, by 
late Neolithic times. 

A Celtic language was reintroduced in the northwest 
(Brittany) by Celts from the British Isles fleeing Anglo- 
Saxon invaders in the fifth and sixth centuries A.D. An- 
other important invasion was that of Norwegian and 
Danish Vikings who settled in Normandy in the ninth 
century, where some northern Germans had already been 
resettled by the Romans in the fourth century a.p. In 
this region, anthroposcopic characters showing a north- 
ern contribution (blond hair, blue eyes, pink skin) are 
somewhat more frequent than in the northeast, where 
the northern genetic influence was otherwise higher than 
in the rest of France. From this period until very recent 
times, there was no further important external genetic 
contribution to France. 

French scientists (Ohayon and Cambon-Thomsen, in 
press) have recently examined a sample of rural people 
from 14 French provinces and Corsica. These researchers 
made a systematic study of a total of 135 alleles—HLA- 
A,B,C,DR, Bf, C4A, C4B, GLO-1I on chromosome 6, in 
addition to ABO, RH, MNS, P, KELL, GC, HP, PI, TF, 
GM, KM genetic loci—that provides a basis for the geo- 
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graphic study of French genes. Part of the genetic anal- 
ysis was carried out by one of us (Piazza; preliminary 
results in Piazza 1986). The French provinces, unlike 
the modern administrative subdivision of “départements” 
which originated with the French Revolution, are a tra- 
ditional classification that has changed considerably over 
time but reflects approximate cultural areas. Basque sam- 
ples were not included. Unfortunately, for a vast territory 
like France, 14 points do not permit a high resolution. 
An important gain in precision 1s due to the use of the 
same genes in all locations and the choice of rural pop- 
ulations known to have been historically stable, which 
guarantees the virtual exclusion of recent immigrants. 
The use of samples from cities, which is the rule al- 
most everywhere else, causes considerable blurring of 
the more ancient ethnic dissimilarities. 

The analysis by synthetic maps of this material is given 
in figures 5.8.2—5.8.4. The proportions of variance ex- 
plained by the first three PCs are 18%, 13%, and 10%. 

The first synthetic map shows a north-south gradient. 
One pole is clearly the northern coast, with an extension 
inland in the Germanic-speaking regions, and the other in 
the Basque-speaking region. It contrasts areas of northern 
Europeans with those of southern Europeans. The bulk 
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Fig. 5.8.2 Synthetic map of France according to the first 
principal component, which accounts for 18% of the total 
variation. The five classes of proportionally denser shad- 
ing represent intervals of PC values from lowest to highest 
(low and high are arbitrary and could be interchanged). 
Cors, Corsica; Nether, Netherlands. 


of the northern pole may be the Neolithic component, 
which entered France from Germany and the Nether- 
lands, with later additions from other northern people 
(Vikings in Normandy). The southwestern pole includes 
both the upper Paleolithic component, peaking in the ex- 
treme southwest, and the Neolithic component originat- 
ing in the Mediterranean. The peopling by Neolithics, 
superimposed in the southwest on the preexisting local 
descendants of the Cro-Magnon, still forms the most im- 
portant genetic substrate of the French population. 

The second synthetic map shows a gradient with a 
maximum in the southwest and a regular decrease in the 
other directions. Ordinarily we tend to interpret this type 
of pattern as the result of an expansion from an origin 
placed at either the maximum or the minimum. In the 
absence of demographic data, it is difficult to choose, 
but even if the two interpretations are to some extent op- 
posite, they agree in contrasting the center of the upper 
Paleolithic in the southwest with the Neolithic periphery. 

If this is correct, then both the first and second PCs 
express different aspects of the Neolithic advance: the 
first PC emphasizes the difference between northern and 
southern European Neolithic people, whereas the second 
stresses the differences between the upper Paleolithic 
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Fig. 5.8.3 Synthetic map of France according to the sec- 
ond principal component, which accounts for 13% of the 
total variation. The five classes of proportionally denser 
shading represent intervals of PC values from lowest to 
highest (low and high are arbitrary and could be inter- 
changed). Cors, Corsica; Nether, Netherlands. 
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Fig. 5.8.4 Synthetic map of France according to the third 
principal component, which accounts for 10% of the total 
variation. The five classes of proportionally denser shading 
represent intervals of PC values from lowest to highest (low 
and high are arbitrary and could be interchanged). Cors, 
Corsica; Nether, Netherlands. 


dominating the southwest and the basic Neolithic pat- 
tern, common to both northern and southern Neolithics. 
Since late migrations into France have been modest, the 
original ethnic picture may still be determined by the 
most ancient and most important settlements. One may 
wonder why the more ancient difference between Pa- 
leolithic and Neolithic people is genetically less striking 
than that between two streams of Neolithic people, as 
indicated by the fact that the earlier one is expressed 
by a PC less informative than the later one. The rela- 
tive importance of PCs is measured by their eigenval- 
ues, which also express the percentage of variance ex- 
plained by each PC. As shown by simulations (Rendine 
et al. 1986), the eigenvalues are determined by demo- 
graphic parameters, like population densities of the var- 
ious settlers, rates of migration and of admixture, as 
well as the genetic distances between the various people 
contributing settlers to the area. Their relative impor- 
tance does not necessarily reflect the time sequence of 
settlements. 

The third synthetic map shows an east-to-west gra- 
dient, with one pole peaking primarily in Brittany (the 
extreme northwest) and secondarily in the southwest, 
while the opposite pole forms a light band at the eastern 
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Fig. 5.8.5 A historical map of French dialects (modified 
from Bonnaud 1981). I, I[A, HB, HC, Il, IV denote areas 
of gradual diffusion of the original French. 
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boundary. It must express a general migration gradient 
from the east to the west. 

The color map (not shown) gives a clear picture of the 
genetic heterogeneity of France. For instance, the north- 
ern band, which appears as a single region in the first PC, 
is clearly subdivided into at least four zones, from west 
to east: Brittany, probably colored by an important Celtic 
settlement coming from the British Isles; Normandy, set- 
tled by Scandinavians; a predominantly Frankish region 
in the extreme north, and, in the extreme northeast, a 
predominantly Germanic area. 

The central zone, a mountainous region (Massif Cen- 
tral), is fairly homogeneous and distinct from the rest. 
Naturally, the southwest is markedly different from the 
rest of France, and the Mediterranean coast shows simi- 
larity between the western and eastern parts, with some 
difference from the central part. 

The linguistic map of France is well known (Bon- 
naud 1981), and a geographic-historical reconstruction 1s 
shown in figure 5.8.5. The French linguistic community 
corresponds only approximately to the political territory 
of France, extending into parts of Belgium, Switzerland, 
Italy, and the central Pyrenees. Linguistic minorities in 
political France are the Bretons, the Basques, and Cata- 
lans in a small region of the south. 

The French language started developing in the early 
Middle Ages from Latin, first in the Frankish area (north- 
east), and further evolved as it gradually expanded to the 
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rest of France. In the Middle Ages, there already was a 
clear distinction between a group of dialects spoken in 
the north (“langue d’oil’’) and that in the south (“langue 
d’oc”), “oil” and “oc” being the equivalent of “yes” 
in these two groups. The demarcation line between the 
two is shown in figure 5.8.5, along with major dialects. 
An east-central area today speaks a surviving “franco- 
provengal” dialect. Various phases of the Frenchification 
of the language, and some major modern dialects, are also 
shown in the figure. One cannot expect a perfect corre- 
spondence between genes and languages, but there are 
some obvious correlations. We will not insist further on 
the Basque genetic substrate. The exclusion of typically 
Basque samples from the genetic analysis makes the cor- 
relation all the more remarkable. Although Celtic spoken 
in Brittany was reintroduced from the British Isles, and 
is therefore not original, the isolation of this part of the 
country certainly points to a parallel development of 
genetic and linguistic divergence in this part of France 
with respect to the rest. The north-south difference is 
prominent both linguistically and genetically. There is 
thus some obvious correlation between the genetic and 
the linguistic mosaics of France. The physical barriers 
and the lines of communication are common to genes 
and languages in all times, but inevitably later develop- 
ments make the correlation less than perfect. 

Language is a major expression and determinant, as 
well as a vehicle of culture. Other cultural phenom- 
ena are, however, transmitted over generations like lan- 
guages. Some show a potentially even greater conserva- 
tion over time than languages. A study of the geographic 
distribution of cultural traits in Africa (Guglielmino- 
Matessi et al. 1987), on the basis of data from the ethno- 
graphic atlas by Murdock (1967), has shown significant 
correlations of differences for some cultural traits with 
linguistic differences. Traits related to family and kin- 
ship, in particular, have the highest correlations with 
languages. This was interpreted as the consequence of 
a high conservation of these cultural traits, which tend 
to reflect the history of population fissions and fusions. 
However, genetic divergence is also expected to reflect 
the same history; hence one might expect some correla- 
tions between these cultural traits and genes, in the same 


way as correlations are found between genes and lan- 


guages. Cultural traits learned early in life are (or were) 
usually acquired in the family. Thus, they are transmit- 
ted similarly to genes and may easily correlate with them 
(Cavalli-Sforza and Feldman 1981; see also discussion 
later in this section). 

Confusion between causation and correlation from 
common cause is frequent but also sufficiently widely 
known that it does not deserve further emphasis. It is 
interesting to note in France an example which has not 
been misinterpreted. Investigations by a demographer 
and an anthropologist, Le Bras and Todd (1981) have 
generated interesting results making use of the wealth of 


demographic knowledge available in France. A study of 
data such as age at marriage, joint residence of elders 
with younger relatives, institutionalization of the old, 
longevity, and other information related to family struc- 
ture and customs showed considerable geographic vari- 
ation in France, and strong correlations with traditional 
family structures, in particular those described in the clas- 
sical work by the nineteenth century French sociologist Le 
Play (1875). Le Play distinguished three types of families. 

1. In the strictly nuclear family the children who marry 
basically rescind their bonds with the parental family and 
must be financially independent. Later historical work, 
incidentally, has shown that this makes them free to take 
residence where job opportunities are best and thus fa- 
vors industrial development (Laslett 1983). 

2. In the extended family of patriarchal type and 
strictly authoritarian customs, the patriarch is the ab- 
solute master of all family decisions. 

3. In the extended family of nonauthoritarian type, 
bonds within the family remain strong, and both the young 
and the old find support. Here, people can marry young, 
being supported by the family and often reside with it 
after marriage; the old are not institutionalized but live 
with the family and are more likely to die at a later age. 

This presentation is inevitably condensed and incom- 
plete, but the important conclusion is that the geographic 
distribution of the three types of families—the first in 
northeast France, the second in the northwest, and the 
third in the southwest— corresponds well with the demo- 
graphic observations even in modern times. 

An interesting finding by Le Bras and Todd is that 
political opinions are also highly correlated with fam- 
ily structure. For instance, the vote for parties in favor 
of a liberal economy is highest in the northeast (where 
the nuclear family prevails); the northwest (in which the 
authoritarian extended family is common) has a tradi- 
tional leaning toward absolute power; and the socialist 
(not the communist) vote comes mostly from the south- 
west of France (where the benevolent extended family is 
prevalent). An explanation for this pattern is that polit- 
ical opinions are created in the family, in the sense that 
the family is a microcosm orienting the young toward a 
view of the world that is later extended to the macrocosm 
of social and political life. 

Le Bras and Todd have hypothesized that family struc- 
tures are old, antedating the barbarian invasions. A more 
cautious attitude, however, is advocated by historians 
(see, for example, Braudel 1986). We would like to add 
some theoretical considerations explaining why family 
structures are likely to be very old, that is, highly con- 
served. Basic laws of cultural transmission support the 
Le Bras and Todd hypothesis. In fact, family behavior 
must be taught by the example of parents, grandparents, 
and other relatives, a closely knit social circle, espe- 
cially in extended families. This type of cultural trans- 
mission has been demonstrated theoretically to be the 
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most conservative in existence, because it sums the ef- 
fects of the two more highly conservative mechanisms 
of cultural transmission: parent-offspring (vertical) trans- 
mission and pressure by a social group (Cavalli-Sforza 
and Feldman 1981; Cavalli-Sforza et al. 1982). Another 
reinforcing factor is that the family teaching takes place 
when children are very young and especially, often ir- 
reversibly, susceptible. Hence, it is not surprising that 
cultural transmission of family structures is highly con- 
servative, and they may last for thousands of years, out- 
lasting even languages. 

Family structures are so highly conserved, in fact, 
that their inheritance shows a marked resemblance with 


5.9. IBERIAN PENINSULA 


A significant portion of the work published on Iberian 
gene frequencies appeared in journals not easily avail- 
able outside of the Iberian peninsula and could not be 
included in the data base assembled for this book. A full 
set of gene frequencies published before the end of 1988 
was collected by J. Bertranpetit and examined by the 
method of synthetic maps. The following is a summary 
of the paper by Bertranpetit and Cavalli-Sforza (1991), 
in which specific references can be found. 

Genetic data for 18 loci (A/A2BO, MN, RH, K, FY, 
KEL, LE, HP, PI, GC, TF, C3, ACP/, ADA, PGD, GLOJ, 
AKI, PGM1) and 34 independent alleles were available 
for a number of locations varying from 12 to 171 per lo- 
cus (31.7 average). The first three components accounted 
for 17%, 14% and 12% of the variation. The synthetic 
map based on the first PC is given in figure 5.9.1. It 
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Fig. 5.9.1 Synthetic map of the Iberian peninsula based on the 


first principal component of gene frequencies, which accounts 
for 27% of the total variation. The six classes of proportion- 


ally denser shading represent intervals of PC values from low- 


est to highest (low and high are arbitrary and could be inter- 
changed) (from Bertranpetit and Cavalli-Sforza 1991). 
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the outcome of genetic transmission, which is the most 
conservative transmission of all. The geographic distri- 
bution of the socialist vote, shown by Le Bras and Todd, 
is similar to our first synthetic map of French genes, 
describing the difference between Paleolithic and Neo- 
lithic populations. It so happens that if one calculated 
the correlation between the socialist vote in France and, 
say, the frequency of blood-group O, and perhaps even 
RH-negative, one would probably find it very signifi- 
cant. This correlation reflects centuries of common his- 
tory of genes and certain cultural traits rather than a very 
unlikely effect of ABO and RH genes on French family 
attitudes and on politics. 


clearly shows that the major genetic influence on Iberian 
genes 1s still its Paleolithic component, the Basques. The 
first isopleth (from the North) corresponds almost ex- 
actly to today’s Basque region, which still speaks the 
language. Toponymy and other evidence show that the 
Basque-speaking country was once much wider, cor- 
responding approximately to the third isopleth. It may 
have extended even farther, since there are Basque place 
names in the Ebro River valley in areas where Basque 
was never spoken in historical times; in the eastern Pyre- 
nees, a Basque dialect was spoken until the Middle Ages. 
Rock paintings in caves show that at least cultural in- 
fluences in the late Paleolithic and Mesolithic extended 
westward along the north Atlantic coast, being approx- 
imately contained within the third isopleth, and have 
similarities with the cave art of southwestern France. 
Paleolithic art is seldom accurately dated, but in south- 
ern France it is 30 kya old and more, going back to the 
Magdalenian and even the Solutrean, and continues into 
the last Paleolithic period, the Azilian. 
The archaeological tool kit in the Basque region shows 
a well-defined Azilian culture; there are local peculiari- 
ties in the Mesolithic as well, for example, a microlam- 
inar industry in silex. This has been a continuous local 
development since the Magdalenian, with a certain de- 
gree of success: Mesolithics were certainly not starving, 
but probably slowly growing in numbers and develop- 
ing indigenous adaptations. It is clear that in this area 
hunting-gathering (and fishing along the coast) remained 
a reasonable alternative to farming for a longer time and 
may have delayed the full acceptance of agriculture. 
The modern morphology of Basques is also some- 
what unique; for example, they show a relatively high 
frequency of increased vertical measurements of the 
mandible and other traits, which are also found in the 
older skulls in the region. Although these are not accu- 
rately dated, they may go back to the late Paleolithic. 
Everything, including genetics, points to a persistence 
of a pre-Neolithic type in the Basque region that was 
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Fig. 5.9.2 Synthetic map of the Iberian peninsula based on 
the second principal component of gene frequencies, which 
accounts for 14% of the total variation. The six classes of 
proportionally denser shading represent intervals of PC 
values from lowest to highest (low and high are arbitrary 
and could be interchanged) (from Bertranpetit and Cavalli- 
Sforza 1991). 


once more widespread but is still sufficiently important 
to determine the first principal component of the region. 
Undoubtedly, the long conservation of the language must 
have helped considerably to preserve a local genetic type 
from external influences by keeping endogamy high, but 
the local population density must also have been suffi- 
ciently high to discourage foreign settlements or to keep 
them within narrow limits. Basques have always been, 
and still are, very conscious of their identity and are 
likely to have efficiently opposed penetration of their ter- 
ritory. Some interesting anecdotal evidence: the power- 
ful army of Charlemagne suffered a serious defeat in A.D. 
788 at Roncesvalles, the most important pass in the west- 
ern Pyrenees, and the best and most celebrated Frankish 
warriors fell in defense of the rear guard. The defeat is 
attributed by legend to the Saracens, and a great number 
of poems were inspired by it; but it 1s more likely that 
it was due to ambush and attack by Basque shepherds. 
Crossing the Pyrenees again 34 years later, one of Charle- 
magne’s successors avoided trouble by taking hostage a 
number of local women and children during the passage. 

The second component (fig. 5.9.2) shows a peak in 
the northeast of the peninsula, in the region known as 
Catalonia, and spreads toward the Mediterranean coast, 
covering almost all of it. The opposite, lowest density 
is found in the Basque region and in the center. It also 
seems to extend to the western and the northwestern 
Atlantic coast. 

There is a linguistic correlate, but it is unlikely to be 
directly relevant. The three main Romance languages of 
Latin origin spoken in the Iberian peninsula are Galician 
in the northwest, from which the Portuguese language 


took its origin; Castilian, originally from the north- 
central area, from which the Spanish language took its 
origin; and Catalan, in the northeast. They all came from 
the north and spread to the south with the successful fight 
against the Saracens, who settled in Spain in the seventh 
to eighth centuries A.D. and were eventually chased from 
the country in 1492. The center of origin of Catalan 
may superficially seem to correspond with the peak of 
the second component, but it is actually not in the Pyre- 
nees. In addition, the lowest values of the second PC do 
not correspond to the areas where the Moorish influence 
was strongest, which are in the south and east. 

The best explanation of the second PC map is the 
spread of the Neolithic, which must have always in- 
volved population growth and is therefore a natural can- 
didate. Its areas coincide well with those of the initially 
strongest concentration, which also corresponds with a 
classical area of passage across the Pyrenees. If there 
was also, as is likely, a major expansion strictly along 
the coast, it would be more difficult to expect this area 
to be the darkest one today, since this is an intensely ur- 
banized area and must have attracted immigration from 
long distance. Also, the dark areas on the Atlantic fringe 
were heavily settled in Neolithic times and the local, 
morphologically very distinctive, Mesolithic population 
is different from the modern one. The latest arrival in 
the Neolithic was in the central part, which is lightest in 
the PC geographic map, along with the Basque region, 
which was probably less receptive to agriculture. 

It is of interest that in the Iberian peninsula, the rela- 
tive demographic importance of the Paleolithic and the 
Neolithic in determining the genetic map is inverted 
when compared with that of determining the genetic map 
of all Europe. In fact, in this region the genetic compo- 
nent bound to the Paleolithic population takes on greater 
importance than that associated with the Neolithic. In 
the Iberian peninsula, the Neolithic arrived later than in 
other parts of Europe, and the Mesolithic lasted longer 
and was highly developed because it was a more effi- 
cient alternative to farming than in other parts of Eu- 
rope. It is therefore not surprising that the contribu- 
tions of Mesolithic hunter-gatherers, at both the cultural 
and the genetic level, may have been more important 
than those of Neolithic farmers, in agreement with ar- 
chaeological observations (references in Bertranpetit and 
Cavalli-Sforza 1991). 

The third component (fig. 5.9.3) shows the contrast 
between the Mediterranean and the Atlantic. This is a 
well-known theme in Iberian archaeology and history. 
The time at which this dichotomy finds its fullest ex- 
pression is in the first millennium B.c., when the Iron 
Age develops. This culture arrived from the continent 
through the western and eastern Pyrenees, as already 
mentioned. At the time, different languages were spo- 
ken on the Atlantic and the Mediterranean sides of the 
peninsula: Celtic (probably imported by Iron Age peo- 
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Fig. 5.9.3 Synthetic map of the Iberian peninsula based 
on the third principal component of gene frequencies, 
which accounts for 12% of the total variation. The six 
classes of proportionally denser shading represent inter- 
vals of PC values from lowest to highest (low and high 

are arbitrary and could be interchanged) (from Bertranpetit 
and Cavalli-Sforza 1991). 


ple) on the Atlantic side, and Iberian (a language of non- 
Indo-European origin) on the Mediterranean side. There 
are signs of interaction in the area of contact. During 
this period, population growth was slow, although it was 
slightly faster between 400 and 200 B.c., approximately 
doubling the population during the millennium. Growth 
was somewhat more pronounced in the Mediterranean 
moiety. There is no information from bones because 
at this time the dead were cremated. However, con- 
sidering the modest population increase in this period, 
the principal component is probably not recording an 
expansion but just the difference between local popu- 
lations that were already in situ, aided probably by the 


5.10. SINGLE-GENE MAPS 


The ABO locus in Europe has the highest density of 
observations, and we have therefore divided the repre- 
sentation of the original data into two maps, one in- 
dicating the locations of gene frequencies from which 
maps were calculated, and the other giving local hetero- 
geneities and discrepancies from the calculated map. We 
believe the density of available data from the USSR is 
underestimated, because we have not recorded data from 
publications in the Russian language, but it is still quite 
adequate. The O gene shows relatively modest variation, 
with a lower frequency at the central and eastern long!- 
tudes. The A gene is low in the northern Soviet Union, 
in the British Isles, in the northern Mediterranean, and 
in the southern Middle East; it has more heterogeneities 
than O. Gene B shows the classic west-to-east gradient 
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addition of foreign elements, perhaps some immigrants 
from continental Europe accompanying or carrying the 
new iron cultures but, more probably, colonizers from 
the sea. Those historically known are Phoenicians, as 
well as Punics from the Phoenician colony of Carthage 
near modern Tunis, who founded many colonies on the 
Mediterranean coast and extending beyond Gilbraltar, 
beginning in the eighth to ninth centuries B.C. or ear- 
lier. Greeks also founded several colonies in the same 
general area, but only one of these, Emporyon (in the 
northeast), has been identified. Greeks and Phoenicians 
fought for control of the Mediterranean coast of Spain, 
and the Greeks lost in the sixth century B.c. Eventu- 
ally, Rome conquered the Phoenician colonies and the 
rest of Spain. 

The fourth synthetic map (not shown) gives peaks in 
the northwest and southwest and troughs in the west and 
east; in the fifth component, the same regions (exclud- 
ing the eastern one) reappear, but in a different com- 
bination, the northwestern region 1s now opposite the 
western and southwestern ones. There are archaeologi- 
cal developments in these areas that could be associated 
with the high- or low-density PC areas; for instance the 
PC pattern observed could be caused by two indepen- 
dent colonizations or strong developments in different 
times of locally differentiated populations, one in the 
northwest and west and the other in the west and south- 
west. The southwestern area, around the mouth of the 
Guadalquivir River, is now known as Andalusia. In the 
last millennium B.c. it was the seat of a flourishing civ- 
ilization called Tartessian after the main city, Tartessus 
(Tarshish in the Bible) destroyed in 500 B.c. The loca- 
tion of the city has not been identified, but it was an 
important link in the tin trade with the Greeks. This im- 
portant metal was mined in Cornwall and was necessary 
for making the copper alloy known as bronze. 


that has traditionally been interpreted on the basis of 
invasions from the east, where B is high. The same 
trend has been observed by Sokal et al. (1989b). The 
major subtypes of A, A/ and A2, show more interest- 
ing patterns, but are based on far fewer data than the 
classical antigens of more direct interest for transfu- 
sion. A/ has a major peak in central Spain, whereas 
A2 shows a gradient from northern Scandinavia to the 
south. It would seem natural to suspect a correlation 
with climate; this hypothesis would have to explain 
exceptions such as high values of A2 in Israel (Jews 
excluded) and in the northern British Isles. One cannot 
rule out the possibility that there were more than one A2 
allele mutations, one of which had a northern origin and 
spread almost concentrically. All the variograms show a 
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long initial linear increase that often continues for more 
than 2000 miles, with the exception of A2, which has 
a more pronounced maximum at about 1500 miles. The 
slope of initial increase is large for B, indicating the 
steepness of the east-west gradient, and is four times 
larger than that of A, three times that of AJ or A2, and 
twice that of O. 

The B allele of acid phosphatase (ACP/) shows an al- 
most concentric gradient from the Middle East, with an 
unexpected peak in the Basque region. A rare allele, C, 
is high in the northeast. Since, as already noted, acid 
phosphatase has one of the highest correlations with cli- 
mate, the geographic distribution in Europe of both al- 
leles may in part follow this general trend. Adenosine 
deaminase (ADA) allele | shows a trend that could be 
due to correlation with climate or to a gradient centered 
in the Middle East. Variograms are linear, especially for 
ACP] *B. 

Adenylate kinase (AK/) is, like ADA, poorly known, 
especially in the East. The pattern of allele 7 seems of 
modest interest. The variogram is regularly linear. 

The M allele of a-1 antitrypsin, P/, has a high fre- 
quency in most of the northern Mediterranean. The var- 
iogram is linear for 1000 miles. 

A B lipoprotein (AG*X) is very poorly tested, espe- 
cially in the western part, but seems to show a strong 
gradient from the east and north, responsible for the peak 
of the variogram after 1000 miles. Another £6 lipopro- 
tein, LPA*Lp(a+), has a central maximum, and the var- 
iogram has a clear negative slope. 

Cholinesterase | CHE/*U has a moderate west-east 
gradient, whereas CHE2(+) has a modest north-south 
gradient. Both have very limited polymorphism, so it is 
not surprising that the variograms are flat. 

A complement protein, C3*S, has an interesting gra- 
dient from the northeast toward the southwest. 

Esterase D ESD*/ has a definite north-south gradient, 
in which Lapps do not participate. The variogram has a 
slow initial slope, then peaks suddenly, very much like 
that of C3. 

The Duffy blood group FY*A has a clear east-to-west 
gradient. Unfortunately, the frequencies of the recessive 
allele FY*O are difficult to estimate when rare, as is 
true for Europe. Our finding differs from that of Sokal 
et al. (1989b). They classify the trend of this allele as 
showing only local patches. The variogram is practically 
linear for over 2000 miles. 

The deficiency of glucose-6-phosphate dehydrogenase 
(G6PD «def ) is highest in the east, especially in the Mid- 
dle East, but shows a peak in Sardinia. The variogram 
is fairly flat and irregular. 

Glutamate-pyruvate transaminase (GPT) is a soluble 
liver enzyme, whose allele 1 shows a fairly regular gra- 
dient from the Middle East toward northwestern Europe, 
which is similar to the gradient shown by another enzyme, 
G6PD. The variogram has a small positive initial slope. 


Glycine-rich 8 glycoprotein (BF), also called proper- 
din factor B or C3 proactivator) is linked to HLA. Allele 
F1 has a peak in the Basque region and Sardinia, echoed 
by F at least for the maximum in the Basques; it also 
has a minimum in the extreme north. S$ has the opposite 
pattern, not surprisingly because these two are the more 
frequent alleles; SO7, has a very flat distribution. This lo- 
cus 1s likely to be important in immunity, but we cannot 
say if it will help to explain the geographic distribution of 
the alleles. All variograms increase reasonably linearly. 

Glyoxalase 1 (GLO/) does not show any regular pat- 
tern in its allele 1, merely various peaks in different parts 
of Europe. The variogram however increases regularly. 

The vitamin-D-binding protein, GC, has a_ low 
GC*l frequency in southern Russia and also in the 
Basque region, with a peak among Lapps. GC */F has 
a regular west-to-east gradient. GC in Europe has little 
correlation with climate and shows regular variograms. 

Haptoglobin (HP) has a clear maximum for HP */ just 
north of the Black Sea, and one for the HP*/S sub- 
type in southern Scandinavia. Although the variogram of 
HP! is regular, with a slow initial increase, that of 
HP*1S has a negative initial slope. The subtypes /S$ and 
/F are based on relatively few data. 

As usual, the HLA system provides the most satisfac- 
tory geographic distribution of samples, especially for 
the oldest known and more frequent alleles. It therefore 
generates very reliable and informative maps. Four pat- 
terns are most easily distinguished on single genes. Some 
are uncomplicated, and others have added complications 
caused by the abnormal behavior of the major outliers 
like Lapps, Sardinians, and Basques. The most frequent 
patterns show a concentric gradient of either increase or 
decrease, with a center in the Middle East expanding 
into Europe. Let us call P; the pattern with a maximum 
in the Middle East and P> that with a minimum in the 
Middle East. They have already been noted in the genes 
discussed so far, but they are usually clearer in the HLA 
maps. 

Alleles with an absolute or relative maximum in the 
Middle East (including Turkey), are (pattern P,): A*9, 
A*19, A*28, A*31, A*33, B*¥5, B14, B*21, B35. Of 
these, four do not show important maxima other than 
in the Middle East; others show important secondary, or 
even primary maxima elsewhere (A «9 in Lappland; A «1/9 
among Basques; A*28 in the north Baltic; A*3/ (which 
is a subtype of A*/9) among Basques; B*5 in northern 
Greece; B*/4 in Sardinia and southern Spain, but not in 
the Basque region which has a relative minimum). 

Alleles showing a relative minimum in the Middle 
East and increasing in approximately concentric rings 
toward Europe are (pattern P2): A*/, A*3/, B*8, B*]2 
(A*/ and B*é&, typically European, are in tight linkage 
disequilibrium). 

Clearly both patterns strongly indicate the spread of 
genes from the Middle East toward Europe, accompany- 


ing the expansion of farmers as we discuss in the fol- 
lowing sections. Alleles higher in the Middle East are 
those that were more common among Middle Eastern 
Neolithic farmers than in European Paleolithics; those 
higher at the periphery of the expansion were more fre- 
quent in Paleolithic Europe and were partially replaced 
by alleles coming from the Middle East. The latter are 
fewer than the first, probably because Paleolithic Europe 
had undergone severe population bottlenecks during the 
last glaciation and had reduced heterozygosity. HLA al- 
leles are relatively infrequent, being very numerous, and 
are more susceptible than alleles at biallelic loci to par- 
tial elimination by drift. We therefore expect, for them, 
more alleles going from the Middle East into Europe 
than the opposite. 

The third pattern, P3, implies a more or less regular 
increase or decrease from north to south and may well 
represent an adaptive response to climate. It is found ina 
somewhat smaller number of alleles: A*¥2, A*3, A*30, 
B*5, B*7, B*1I5, B*27, B*40, B*4]1 (A*3 and B*7, 
typically European, are in tight linkage disequilibrium). 

The fourth pattern shows a maximum or minimum in 
slightly different locations above the Black Sea (pattern 
Py): A¥lO, A*/1, A*25 (which is a subtype of A*J/0O), 
A*32, B¥13, B16, B*l18. 

Other patterns can be observed but not as clearly. 
Naturally, our recognition of a pattern on single-gene 
maps 1s subjective, but patterns that are found repeat- 
edly by this procedure reappear more clearly in synthetic 
maps. Moreover they are also found with other, non-HLA 
genes, as seen before and as we confirm on the rest of 
the maps. 

Variograms of 15 HLAA and 17 HLAB alleles showed 
positive slopes with only one exception (B*4/), which 
was also the allele with the lowest average frequency. 
The linear portions may be somewhat shorter than for 
other genes, ranging from 500 to 1800 miles, with a 
median of 800. Initial slopes varied from —.06 to 3.5 x 
10-° per mile, with a median value of 0.5 and no dif- 
ferences between A and B. 

The polymorphism of the constant heavy chain of G 
immunoglobulins (1GHG/G3 or GM) shows three ma- 
jor alleles in Europe: f;b0b1b3b4b5, za;g, and zax;g. The 
first is the most common and has a clear maximum in Ru- 
mania, with an approximately concentric decreasing gra- 
dient. This may represent the area of origin of this allele, 
which is typically European, but it may also indicate an 
area of maximum frequency of an infectious disease to 
which this allele may have offered protection. Although 
za;g seems to spread east-to-west, zax;g has a concen- 
tric gradient centered in the Middle East, where it has its 
minimum. za;bOstb3b5 is a not so rare allele also centered 
in the Middle East, and za;b0b1b3b4b5 shows a similar 
behavior. A rarer allele, fa;b0b1b3b4b5, has a maximum 
in Spain. f;b0b1b3b4b5, za;g, zax;g, and za;bOstb3b5 
all show variograms with extended initial linear portions 
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with a high slope; fa;b0b1b3b4b5 and za;b have flat ini- 
tial portions. 

The «_ light-chain immunoglobulin KM**(1,1&2) 
shows a predominantly east-west gradient, with a peak 
in Lappland; the variogram decreases at 1500 miles be- 
cause northern and eastern sides of the map show areas 
with equal values. 

The Kidd blood group (JK) has a wide region of low 
JK*A gene frequency; the allele K of the KEL blood 
group has several small peaks in central position; and the 
Le allele of Lewis, another blood group, has a pattern 
equivalent to P2 of HLA. LU*A (blood-group Lutheran) 
has a P> pattern with a maximum around the eastern rim 
of the Black Sea. All these blood groups have regular 
variograms. 

The MNS blood-group system was analyzed separately 
for alleles M, S, and the four haplotypes MS, Ms, NS, 
Ns. M has a P>-like pattern complicated by several max- 
ima in the northern, eastern, and Mediterranean regions. 
S has a complicated pattern with a minimum in south- 
eastern Turkey and relative maxima in other parts of the 
map. The haplotypes have somewhat flatter distributions: 
MS has a modest maximum in the Middle East, with mi- 
nor peaks or troughs elsewhere. Ms has a maximum in 
Finland and Sardinia and a lower one in northwestern 
Iran. NS has an imperfect Pz pattern. Ns has a west-east 
gradient. Most variograms are regular for 1000 or more 
miles, but MS is initially very flat. 

The P/ blood-group surface is hilly, with no clear dom- 
inant gradient, but its variogram is regular for almost 
1000 miles. 

The phenylthiocarbamide tasting locus (PTC) allele T 
(taster) has two clear maxima in the eastern Aegean and 
in the Helsinki/Leningrad region, with a minimum not 
far from the latter, in northern Russia. The variogram is 
linear for about 1500 miles with a large initial slope. 

Phosphoglucomutase | PGM/*/ has an approximate 
P» pattern, with an added east-west gradient. 

6-phosphogluconate dehydrogenase (PGD) allele A is 
rather flat in most of Europe, with a low frequency 
among Lapps and in northern Russia in general. The 
variograms are linear for more than 1000 miles; the first 
enzyme has a median slope and the second a flatter one. 

The RH-blood group system has also been analyzed by 
alleles C, D, E, and by haplotypes. It is almost as inten- 
sively studied as ABO and is more informative, given the 
wealth of haplotypes that form it. Allele C has maxima 
in the Mediterranean and among Lapps. Allele D (RH+) 
shows a P2 pattern, with complications because there are 
other maxima of RH+ besides the Middle East among 
Lapps, Sardinians, and two regions of North Africa. 
The Basque region has the lowest frequency in Europe 
(and in the world). D“ is highest in Turkey and has a 
P; pattern, though not a pronounced one, given the low 
frequencies of this type observed in Europe. Allele E has 
a complicated surface, with several maxima and minima. 
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Variograms are regular, except for D“, which is flat in 
the initial portion. 

The RH haplotype CDE is relatively rare and has a 
maximum north of the Black Sea. The same is true, 
in a slightly more western position, for CDe, which is 
also more frequent in other parts of the world. This hap- 
lotype is the most frequent in Europe. Cde has a P, 
pattern. cDE, also numerically important, has a mini- 
mum north of the Black Sea and a maximum in north- 
western Iran, with a lesser one in the Leningrad region. 
An allele very frequent among Africans, cDe, has a 
rough P; pattern, but also shows a relative maximum 
in Poland and minima not only in the Basque region, 
but also in southern Scandanavia and Iceland. The fully 
RH-negative haplotype, cde, has the well-known maxi- 
mum among Basques, with minima not only in the Mid- 
dle East (a P2 pattern), but also among the Lapps and in 
northwestern Africa. 

The comparison of alleles and haplotypes in Europe 
is interesting. “Allele” frequencies of RH are the sums 
of several haplotype frequencies and show complex 
surfaces, with the exception of D“, which is more hap- 
lotype specific. Haplotypes give simpler surfaces with 
fewer maxima and minima, which seem easier to inter- 
pret in terms of patterns observed with other genes. If 
there were selection for specific antigens, however, it 
would show in the alleles and perhaps not so easily in 


5.11. SYNTHETIC MAPS OF EUROPE 


Our work on synthetic geographic maps of genes be- 
gan in 1977 for the purpose of testing the hypothesis that 
the spread of agriculture from the Middle East to Europe 
in Neolithic times was a spread of farmers rather than a 
spread of the farming culture (that 1s, without human mi- 
gration). The test assumed that the modern distribution 
of genes has not been excessively altered by subsequent 
events. Analysis by principal components offered the 
hope of separating different patterns. A later demon- 
stration that this is a realistic expectation was given by 
a simulation of multiple demic expansions in Europe 
(Rendine et al. 1986). This simulation also showed 
that the geographic patterns established in Europe by 
early migration are detectable by principal components 
in spite of different, later migrations overlapping with 
them, and that clines established by extended migrations 
are very resistant to attrition by successive, continuous 
local migration, which is always present. The simula- 
tion also indicated that it is not always easy to separate 
minor and later expansions by PC analysis and that arti- 
factual results may occasionally arise, but the number of 
genes (20) in that simulation was small, for reasons of 
computer economy. Conditions of the simulation were 
aimed at imitating the expansion of early farmers by a 


the haplotypes; but there is no such indication. All vari- 
ograms are regular with the exception of CDE, which is 
fairly flat, and has a linear portion extending over 1000 
miles. 

The allele Se of the secretor locus FUT2(SE) has a 
north-south pattern with a few exceptions, for example, 
Iceland. Allele C of 7F (the protein transferrin) has a 
fairly flat distribution, with a slightly lower frequency in 
the northeastern region. Variograms are regular. 

In summary, there is a dominant pattern showing a 
nearly concentric gradient between the Middle East and 
the rest of Europe that is observed in a positive and 
a negative form: the positive presenting a maximum, 
and the negative a minimum, in the Middle East. When 
discussing HLA alleles that show these patterns most 
clearly, they were named P; and P», respectively. We 
interpret both of them, more fully discussed in the next 
section, as resulting from the expansion of farmers from 
the Middle East at the beginning of the Neolithic. As also 
discussed by Sokal et al. (1989b), these are not in any 
way the only patterns observed. The numerically most 
important among the residual patterns is a more or less 
precise north-south gradient. The next important pattern 
is a concentric gradient peaking north of the Black Sea 
and/or Caucasus. Other patterns are also found, and it is 
useful to give a synthesis of all these maps by consider- 
ing their global pattern in the form of PCs. 


very precise model (described also in Ammerman and 
Cavalli-Sforza 1984) and may have to be changed in 
order to represent more faithfully other types of expan- 
sions, especially those that took place after the Neolithic 
one. 

In order to obtain geographic maps of principal com- 
ponents, it was necessary to know gene frequencies in 
the same geographic positions for a large number of 
genes and points in space. The distribution of the lo- 
cation of genetic data given in the maps of this book 
shows their extreme geographic irregularity, except for 
HLA where collection of the information followed, at 
least in part, a specific design. The calculation of sur- 
faces of gene frequencies in geographic space was a 
device for allowing interpolation in two dimensions and 
providing the necessary estimates of gene frequencies at 
regularly spaced points in space. This was not necessary 
for HLA. In order to test the validity of our approach, we 
calculated synthetic maps for HLA in two different ways 
(Menozzi et al. 1978a). First, we calculated maps for 
each allele and used the lattice of points thus generated to 
evaluate principal components and then their geographic 
map. Second, we calculated principal components from 
the original data and then fitted a geographic map to 


Table 5.11.1. Percentage of Total Variance Explained by the First 
Seven Principal Components of European Gene Frequencies 


Principal % of Total Principal % of Total 
Component Variance Component Variance 
1 28.1 5 5.3 
2 22.2 6 3.2 
3 10.6 7 2.6 
4 7.0 


them. There was excellent agreement between the two 
approaches. There was also reasonable agreement be- 
tween synthetic maps obtained for HLA and for non- 
HLA genes analyzed separately, but inevitably halving 
the number of genes introduced greater noise. 

In the 1978 analysis, we used 38 genes. This calcu- 
lation has now been repeated using 95 genes (32 are 
of HLA alleles). They are the 94 genes whose maps 
appear in the second part of the book with the addi- 
tion of IGHG1G3*fa;b0b1b3b4b5, the map of which is 
not shown because its distribution is almost limited to 
East Asia. Not all the genes considered are fully in- 
dependent alleles; thus, A is not entirely independent 
of A/ and A2, but the original data are independent. 
Principal-component analysis eliminates these internal 
correlations. We give maps of the first seven principal 
components, which account for variance proportions to- 
taling 80%, as shown in table 5.11.1. 

Sardinian data were excluded from this analysis for 
reasons already given: their inclusion in Europe would 
have taken a PC by itself. 

The genes that give the highest contributions to these 
PCs are listed in table 5.11.2. 

The first three PCs repeat rather accurately the results 
already published in 1978, though with increased preci- 
sion. The first synthetic map (fig. 5.11.1) parallels very 
closely the map of the times of first arrivals of the Neo- 
lithic or, archaeologically, of the cultivated forms of ce- 
reals domesticated in the Middle East and not present 
in Europe before the agricultural expansion (fig. 2.7.2). 
The PC values are given on an arbitrary scale from 0 
to 100. The gene map differs from the archaeological 
one in at least two extreme areas, in Lappland and in 
the southernmost part of the Middle East. We believe 
these discrepancies are the result of events external to 
the main hypothesis and do not cast doubt on the gen- 
eral interpretation. It is unfortunate that the data from 
the southern coast of the Mediterranean are poorer and 
cannot be included in the analysis without serious loss 
of information. 

Sokal and Menozzi (1982) repeated this study calcu- 
lating correlograms limited to the early HLA data used 
by us, and confirmed the existence of a pattern cor- 
responding to that expected for a migration from the 
Middle East toward Europe. More recent statistical anal- 
yses with improved techniques of space correlation fur- 
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Table 5.11.2. Genes Showing the Highest Correlations with the 
First Six Principal Components of European Gene Frequencies 


P.C." 


Range of 
Correlation 
Coefficient 


1.00 — 0.90 


0.90 — 0.80 


0.80 — 0.70 


0.90 — 0.80 


0.80 — 0.70 


0.70 — 0.60 


0.90 — 0.80 
0.80 — 0.70 


0.70 — 0.60 


0.60 — 0.50 


0.50 — 0.40 


0.40 — 0.30 


0.70 — 0.60 
0.60 — 0.50 
0.50 — 0.40 


0.40 — 0.30 


0.50 — 0.40 


0.40 — 0.30 


Genes 


(+) ACP1*C, HLAB *21 

(-) C3*S 

(+) GC*#1F/(GC*1S + GC*1F), HLAA*33, 
HLAB*7, PTC*T 

(-) HLAA*2, HLAB*15, HLAB*8, G6PD*A- 

(+) RH*Cde, IGHG1G3*za;b0stb3b5, 
HLAB*35, HLAB*40, LU*A, P1*1, 
FUT2(SE)*Se 

(-) ADA*1, PGD*A, HLAB*16, HLAB*27 


(+) MNS*S 

(-) AG*X, HLAB* 12, MNS*NS 

(+) LPA*Lp(at+), MNS*Ms, RH*D, 
IGHG1G3*fa;b0b1b3b4b5, FY*A, CHE1*U 

(-) BF*F, IGHG1G3*f;b0b1b3b4b5, HLAA*30, 
LE*(a+), RH*cDe 

(+) IGHG1G3*zax;g, JK*A, HLAA*3 

(-) HLAA*1, HLAA*31 


(+) MNS*MS, HLAA+*25 

= 

(+) HLAA*11, HLAA*32 

(-) HLAA*10, HLAB*13 

(+) BF*S, CHE2+*(+), PGM1*1, ABO*B 

‘a Bae 

(+) HP*1 

(-) BF*S0.7, HLAA*29, RH*E 

(+) ABO*O, HLAB* 17, G6PD*A- 

(-) ABO*A, ABO*+A1, RH*CDe, 
IGHG1G3*za;g, HLAB*5 

(+) ESD*1, FY*#A, IGHG1G3+*zax;g, HLAA*1, 
HLAA* 19, HLAA*28, HLAA*33, HLAB* 14, 
MNS*M, TF*C 

(-) ADA*1, AK1*1, CHE1*U, HLAA*25, 
HLAA*30, HLAA*9, HLAB*35, HLAB*40 


(+) MNS*Ns 

= 

(+) HLAA*31, RH*D4, TF*C 

= 

(+) HLAB*17, HLAB*41 

(-) GC*2, IGHG1G3*za;g, HP*1, KEL*K 

(+) IGHG1G3*zax;g, HLAA* 1 

(-) HLAB*37, RH*cdE, MNS*S, Pl+#M, RH*E 


(+) ABO*A, RH*CDe, CHE2*(+), LU*A 
(-) HLAB+18 

(+) HLAA*9 

(-) HLAB+41 


Note.— Genes giving positive or negative correlation values are indicated by 


(+) or (-), respectively. 


* P.C., Principal component. 


ther confirmed these conclusions; the Sokal et al. 1991 
paper in particular extended them to a total of 26 loci, 
59 independent alleles. This analysis included a study of 
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the correlation with the temporal pattern of migration of 
Neolithic farmers, which was highly significant for six 
loci considered individually (RH, ACP], PGM1, HLAA, 
HLAB, TF). All except the last one were described in 
section 5.10 as showing P; or P» patterns visually in 
agreement with the agricultural expansion. The correla- 
tion coefficients between the individual alleles and PC1 
shown in table 5.11.2 are in reasonable agreement with 
the Sokal et al. (1991) statistical analysis. 

The second PC map (fig. 5.11.2) shows a concentric 
gradient like that of the first but centered instead in the 
Iberian peninsula. The opposite pole of the second PC 
shows a strong peak among Lapps, which are certainly 
no candidate for an expansion. There is no known demic 
expansion from the Iberian peninsula, and an interpreta- 
tion based on a migration from this area seems unlikely. 
In general, there is a strong north-to-south gradient that 
might be interpreted on a climatic or ecological basis; 
but this interpretation does not take into consideration the 
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Fig. 5.11.1 Synthetic map of 
Europe and western Asia obtained 
using the first principal component. 


existence of ethnic differences between the populations 
of northern Scandinavia, like the Lapps and other speak- 
ers of Uralic languages who occupied the northeastern 
areas of Europe, perhaps before the arrival of Neolithics. 

The interpretation we gave in Menozzi et al. (1978a) 
was based on migrations from Asia. Although it would 
be historically absurd to think in terms of an expan- 
sion centered in Lappland, the PC peak in this region 
may be explained by noting that Lapps have a stronger 
Mongoloid component than any eastern European popu- 
lation. Thus, the simplest explanation may still be that 
of Menozzi et al. (1978a), namely, gene flow caused 
by one or more migrations of Mongoloid Uralic speak- 
ers from Northwestern Asia. Migration of steppe no- 
mads or their descendants and the “barbarian” invasions 
toward the end of the Roman Empire and afterward seem 
to have no influence on this PC. 

The third PC synthetic map of our earlier analysis 
(Menozzi et al. 1978b) showed a wide peak spread over 
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Fig. 5.11.2 Synthetic map of 
Europe and western Asia obtained 
using the second principal component. 
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eastern Germany, Poland, and the Ukraine. This has now 
been split into at least two components, represented by 
the third and seventh PC. The third PC (fig. 5.11.3) 
shows a strong peak in the European steppe north of 
the eastern part of the Black Sea, with an approximately 
concentric gradient. The seventh PC shows a peak to the 
left of that of the third PC, in the western region north 
of the Black Sea. 

An analysis of the statistical robustness of the syn- 
thetic maps of Europe (unpublished) indicated that the 
first five maps are well reproducible under bootstrapping 
of the 95 genes and the sixth has borderline reliability. 
Because of its even less satisfactory reliability we do not 
show the map of the seventh PC. The strongest candidate 
for an archaeological interpretation of the third (plus, 
perhaps, the seventh) map is an expansion of the Kur- 
gan culture, which was associated by Gimbutas (1966) 
with the primary expansion of the Kurgan people. She 
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Fig. 5.11.3 Synthetic map of 
Europe and western Asia obtained 
using the third principal component. 


Ta 


40 


describes three separate waves (1991, see sec. 5.2). As 
we already mentioned, it is possible that this was a sec- 
ondary expansion of Indo-European speakers. In addi- 
tion, Scythians were in this area at a much later time and 
also invaded Europe. Moreover, the same area may have 
been the original homeland or an intermediate long-term 
homeland for some other barbarian populations who later 
invaded central and western Europe. There is no assur- 
ance that enough of them remained north of the Black 
Sea after they moved westward, a necessary condition 
for finding their genetic traces in our PC maps. It is thus 
difficult to assign unequivocally the third (or the seventh) 
PC to a specific migration, but the Gimbutas hypothesis 
should be given very serious consideration. 
Components lower than the third were not tested by 
Menozzi et al. (1978a) and are also displayed rarely in 
this book. They are inevitably weaker than the first three, 
representing a smaller amount of variation. In Europe, 
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Fig. 5.11.4 Synthetic map of 
Europe and western Asia obtained 
using the fourth principal component. 
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Fig. 5.11.5 Synthetic map of 
Europe and western Asia obtained 
using the fifth principal component. 


however, the genetic information is more satisfactory 
than in any other continent, and here we extend our 
analysis down to the sixth component which shows a 
reasonable stability under bootstrapping of genes. 

The fourth PC synthetic map (fig. 5.11.4) indicates a 
potential area of expansion centered in Greece. The cen- 
tral area corresponds almost exactly to original Greece 
and its major colonies, in the Aegean, western Turkey, 
and southern Italy. A difficulty in interpreting this as 
a Greek expansion is that the Greek influence in classi- 
cal times never extended to the large area covered by the 
two or three rings surrounding Greece, and especially the 
propagule to the northeast that is seen in the synthetic 
map. The Aegean region was certainly very active in the 
second millennium B.c. with cultures of probable Greek 
origin, and the expansion to southern Italy, Sicily, and 
the southern and western Mediterranean occupies much 
of the first millennium B.c. Could the northern area as- 
sociated in the fourth synthetic map with the Greek ex- 
pansion and located in the eastern Balkans and west- 
ern Ukraine represent an origin of “invaders” from the 
north? This northeastern “propagule,” a kind of amoe- 
boid extension of the second ring around Greece,. in- 
cludes regions that were very active in the late Neolithic 
and Bronze Age. Some archaeological explanation will 
perhaps be found for this association between the area 
of the nuclear Greek expansion and its northeastern ex- 
tension. Although the name “propagule” suggests it was 
secondary to the development of Greece, one cannot ex- 
clude the possibility that the historical sequence was in 
the opposite direction, with a beginning in the eastern 
Balkans, a migration to Greece and mixture with local 
inhabitants, who later took the lead in the expansion 
and therefore dominate the PC synthetic map (pastoral 
nomads’). 

The fifth PC synthetic map (fig. 5.11.5) has a very 
wide band of low values across Europe, from the north- 


west to the southeast. This may represent an old pre- 
Neolithic relic, since this region corresponds approxi- 
mately to an area of recolonization of central Europe af- 
ter deglaciation at 16 kya (Gamble 1986). There are also 
some similarities with the areas of expansion of cultures 
in the Bronze and Iron Age, as well as with the area 
in which Germanic languages were spoken, except for 
the Balkans. The opposite pole of this PC (indicated as 
dark) shows an interesting parallel between Basques and 
a region north of the Caucasus. 

The sixth PC synthetic map (fig. 5.11.6) shows a con- 
centric gradient with a maximum in an area located on 
the eastern coast of the Black Sea, where several North 
Caucasian languages are spoken. There are similar inten- 
sities among Lapps and Basques; interestingly, the fifth 
component showed a similar phenomenon. 

The interpretation of synthetic maps is not always 
easy. The first question is, how can one hypothesize that 
a population expansion was involved? If there is a radi- 
ation of circular or elliptic clines from a specific area, 
an expansion is a possible explanation; and its place of 
origin must clearly be the center of the radiation. The 
alternative possibility of a centripetal, rather than a cen- 
trifugal, population movement may have to be consid- 
ered. The best way to distinguish them would be on a 
historical basis, but this evidence is usually lacking. In 
principle, a centrifugal movement is a priori more likely, 
but a centripetal migration could be that directed toward 
an important city, especially a capital. 

It is often difficult to link a cline of gene frequencies 
with a precise historical expansion. Unfortunately, we 
have only very superficial knowledge of these events, 
if any. From Herodotus, we know the names of many 
ethnic groups who migrated to Europe from the east 
after 500 or 600 B.c. and the approximate areas where 
they were located before their last movement. We usu- 
ally have no information on their remote origins or their 
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Fig. 5.11.6 Synthetic map of 
Europe and western Asia obtained 
using the sixth principal component. 
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numbers. Most of the groups that came to Europe after 
the fall of the Roman Empire were probably too small 
numerically to give a detectable genetic contribution, 
given that Europe was already fairly densely populated 
at the time. Consider, for instance, one group already 
named above: the Scythians, who lived in 500 B.c. on the 
northern shores of the Black Sea, and were sufficiently 
important in that their hostile initiatives provoked King 
Darius of Persia, the most powerful monarch in West 
Asia, to try and subdue them. He was unsuccessful. 
The Scythians may have settled relatively late north of 
the Black Sea, in the area corresponding approximately 
to the peak of the third PC. They spoke a language, 
now extinct, of the Iranian subfamily, and their origin is 
likely to have been from an oasis of the Central Asian 
steppes, north of the Caspian Sea. They extended also 
toward the south and the east of Asia, probably having 
contacts with the Altai, and they also expanded west- 
ward to Europe. It is not clear whether their numbers 
were adequate to create the concentric gradient observed 
in the third PC. The Sarmatians had an origin similar to 
that of the Scythians and conquered them; their contri- 
bution to the synthetic maps may be undistinguishable 
from that of the Scythians. Another group, the Goths, 
were located at some time in their history near the peak 
of the seventh PC synthetic map. They started apply- 
ing pressure on the eastern Roman Empire across the 
Danube in the fourth and fifth centuries A.D., were 
given land to settle within the boundaries of the Empire, 
and underwent various resettlements within the Empire 
in later centuries. Their numbers, even if not precisely 
known, are likely to have been too small to influence the 
genetic picture. The same is true of most, if not all, of 
the barbarian invasions at the end of the Roman Empire, 
because they settled in very densely populated areas and 
were therefore genetically diluted. In a few cases, one 
might be able to recognize their distinct genetic origin, 
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when they maintained high endogamy, probably an infre- 
quent event. Moreover, small endogamous groups tend 
to drift away from neighbors and from their original ge- 
netic pool, so that their precise origin may be difficult to 
recognize. Sometimes, however, the remote origin may 
still be recognizable; see, for example, the Samaritans 
(Carmelli and Cavalli-Sforza 1979), a very small highly 
endogamous Middle Eastern group (of the order of 200 
people, today) (Bonné-Tamir 1980). 

The similarities between Basques and some other pop- 
ulations, in particular in the Caucasus, which appear in 
two PCs, may be relics of the pre-Neolithic background. 
An Italian linguist (Trombetti 1923) has first identified 
a linguistic pre-Indo-European substratum common to 
Basques and Caucasian populations. Lapps show some 
relationship in more than one PC synthetic map; this may 
indicate that part of the Caucasoid background of Lapps 
is of Paleolithic origin. The mountains of the Caucasus 
could have been a haven for local aborigines, who might 
have escaped excessive miscegenation with latecomers. 
Since mountain populations must have also undergone 
considerable drift after the Paleolithic, only an intensive 
genetic study of this area, covering many mountain val- 
leys and many genes, might help trace some of these an- 
cestral relationships more effectively. The Caucasus, the 
Basque region, other mountains in Europe—including 
the Sardinian and the Ligurian mountains—and other 
less accessible and more endogamous parts of Europe 
and West Asia may still retain some detectable genetic 
traces of upper Paleolithic Caucasoids. These refuge ar- 
eas should be a high priority for future investigations. 

Improvement in the chances of establishing a corre- 
lation between PC geographic maps and archaeological 
information demands that the relevant archaeological 
data be subjected to a quantitative analysis not dissim- 
ilar to that carried out initially on archaeological mate- 
rial for the spread of the early Neolithic (Ammerman 
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and Cavalli-Sforza 1973, 1984). Even if it is clear that 
archaeological maps like those of the Kurgan, the Bell 
Beaker, the Battle Axe, etc. represent mainly cultural diffu- 
sions, one cannot exclude a significant demic component, 
except by rigorous comparisons of accurate archaeological 
and genetic maps. There may have been a detectable ge- 
netic component to some linguistic and cultural diffusions 
of the past, even if they were determined by elites. 

The color picture conveys 60.9% of the original vari- 
ation and shows five major ethnic zones: blue for Lapps 
in northern Scandinavia, continuing toward the east to 
include other Uralic peoples in Finland and northern 
Russia; dark-red for all Germanic-speaking populations, 
from Scandinavia to northern Germany to most of En- 
gland; brown for populations in Celtic areas of the 
British Isles, excluding Scotland, but including Basque 
areas in southwestern France and Northern Spain; green 


for most of the Mediterranean; orange for southern Rus- 
sia. Very roughly, red and green correspond to northern 
and Mediterranean regions, respectively, after subtract- 
ing the major outliers (Basques and Lapps). Red and 
green may be the two major streams of Neolithic farm- 
ers from the Middle East, one directed to the north- 
west via the Balkans (but little if anything is left of 
the red stream in the Balkans); the other directed west 
through the Mediterranean. One should, of course, re- 
member that the first three components account together 
for only 60.9% of the total European variation, and the 
rest is to be found in the lower components. The or- 
ange component probably represents the migration from 
the steppes, in part because of the first pastoral nomads 
and in part because of their descendants who settled first 
in southern Russia and then migrated farther west at a 
later time. 


5.12 INTERACTIONS OF GENETIC, ARCHAEOLOGICAL, AND LINGUISTIC INFORMATION 


There are many problems in interdigitating genetic, 
archaeological, and linguistic information. These dis- 
ciplines supply information on related, but different 
aspects of the same reality, and data from each of them 
have different limitations. Genetic knowledge is cur- 
rently available only for modern populations, and an- 
cient relationships among them must be inferred on the 
basis of mathematical theories that demand, for being 
entirely useful, demographic information on _ popula- 
tion sizes and migratory exchanges. Unfortunately, only 
guess estimates of the demography of ancient people can 
be given, in the lack of direct historical information, 
which is scarce. Archaeological data tell us more about 
artifacts than about people; they can supply information 
on certain aspects of demography like population sizes 
and its dynamics, but are less useful for understanding 
migration, and in particular for distinguishing between 
movement of people and of artifacts (which we have 
often referred to as demic and cultural diffusion). This 
may explain the oscillations of archaeological think- 
ing between migrationist and indigenist explanations. 
Languages are very powerful cultural and population 
markers, the use of which is somewhat limited by the 
progressive increase of uncertainty as soon as one tries to 
reconstruct events before writing became available and 
common. They are also sometimes subject to relatively 
sudden replacement under conditions that are not entirely 
predictable. Also genes can be replaced, though with 
slower kinetics. In spite of these potential limitations, 
one expects, and usually finds, a strong correlation be- 
tween genetic and linguistic similarities of different peo- 
ple, but one does observe discrepancies that we are only 
now learning to predict. Similarly one can find obvious 


relations of either of them with archaeology and history, 
or in a more limited way, with paleoanthropology. 

The basic principle of genetic data analysis for evo- 
lutionary and historical purposes is the need of a great 
number of genes for robust conclusions. Synthetic maps 
of gene geography have proved useful because they make 
full use of this principle, and have proved capable of sep- 
arating one from the other independent migrations. We 
have made use of this method for the first time in Eu- 
rope (Menozzi et al. 1978a), the continent which has the 
greatest genetic, archaeological, and linguistic informa- 
tion, and therefore lends itself best to this type of analy- 
sis. Even so, there inevitably remain uncertainties, tied 
to knowledge gaps and to the general difficulty of his- 
torical investigations, which do not allow experimental 
tests of hypotheses as easily as in most natural sciences. 

The hypothesis put forward by Ammerman and 
Cavalli-Sforza (1973, 1984) that Neolithic farmers ex- 
panded from the Middle East to Europe is today sup- 
ported by a number of considerations. 

1. The strongest evidence is genetic, as summarized 
in sections 5.10 and 5.11. The major genetic pattern ob- 
served in Europe, is a gradient of gene frequencies radi- 
ating from the Middle East and partially mixed with pre- 
existing local preagricultural populations (Mesolithics). 
The original analysis by Menozzi et al. (1978a) has 
been confirmed by extension to a much greater number 
of genes in sections 5.10 and 5.11, and with other meth- 
ods of statistical analysis by Sokal and Menozzi (1982), 
Sokal et al. (1989b, 1991). The genetic data can be eas- 
ily interpreted only by assuming that Mesolithics were 
slowly absorbed into the society of advancing farmers 
(Ammerman and Cavalli-Sforza 1984) and are in full 


agreement with a simulation of the process of expan- 
sion of farmers followed by gradual mixing with local 
Mesolithics (Rendine et al. 1986). 

2. The successful acquisition of agriculture is usually 
accompanied by a radical change in many, if not all, 
aspects of everyday life that deeply affects the archae- 
ological record so that the patterns of the two cultures 
are radically different. Agriculture and hunting-gathering 
take long training and considerable knowledge of an en- 
tirely different nature. In particular, the agricultural econ- 
omy that originated in the Middle East was complex and 
had reached high efficiency at the time it began to be 
spread from the nuclear area. It is difficult for a hunting- 
gathering society to shift to an agricultural way of life; 
observations on African Pygmies and Bushmen show 
that the transition is rare, and as long as ecological con- 
ditions remain unchanged, the change does not occur, or 
occurs only partially and slowly (Cavalli-Sforza 1986). 

3. In many circumstances, Mesolithics must have 
continued to live side by side with Neolithics (e.g., 
in Iberian Peninsula; see sec. 5.9), but were probably 
slowly absorbed culturally and genetically into the Neo- 
lithic culture. This is not different from what happens 
even today with hunter-gatherers in Africa. Moreover, 
terrains favorable for agriculture are usually different 
from those favorable for hunting-gathering, so that, at 
least initially, some territorial segregation kept the two 
economies partially separated. 

4. Thus, the replacement of an economy by a com- 
pletely different one is hard to achieve by acculturation 
on a large scale and in a short time, making it unlikely 
that the spread of farming was entirely cultural and not 
determined by migrating farmers. Hunter-gatherers are 
likely to accept an agricultural economy, only after pro- 
longed genetic and cultural exchanges between the two 
populations, and only after long periods of observing 
nearby farmers. 

5. The new economy progressed in space without 
much change except for adaptations to new environments 
(e.g., in house building), and new cultural fashions (in 
pottery). These cultural adaptations accompanying the 
spread of farming were carried forward to farther and 
farther places, as slowly as expected of a diffusion of 
people rather than that of cultural innovations, which is 
ordinarily a much faster process. The rate at which agri- 
culture spread to Europe is compatible with the demo- 
graphic conditions of early farmers. 

Our hypothesis of demic diffusion of Neolithic farmers 
met with little sympathy for a while until Renfrew (1987, 
1989b) examined the whole issue and concluded that it 
was necessary to accept it. Renfrew’s analysis was not 
based on the support given to the hypothesis by genetic 
data, which in our view is essential, but was derived 
merely from considerations of archaeological process. 
As Ammerman (1989) noted, it was somewhat ironi- 
cal that in the past Renfrew (1969) was the strongest sup- 
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porter of indigenism. There is no doubt that Renfrew’s 
attitude involved a radical change of thinking: it was 
unlikely that it would be accepted without resistance by 
some archaeologists. 

Renfrew’s interest in the problem came from an inde- 
pendent consideration: the fate of languages spoken by 
Neolithic farmers, and the likelihood that the Neolithic 
demic diffusion was responsible for the spread of Indo- 
European languages to Europe, Iran, and India. In his 
1987 book, he pioneered explanations of language re- 
placements which were discussed earlier (sec. 1.8) and 
advanced the hypothesis that Neolithic farmers in Ana- 
tolia spoke ancient Indo-European languages. 

M. Zvelebil (1986b, 1986c) also in collaboration with 
his father, a linguist (1988), has published a long critical 
analysis of our theory, as well as of Renfrew’s hypothe- 
sis that Indo-European languages were spread to Europe 
by Neolithic farmers. He first notes, correctly, that Ren- 
frew’s hypothesis is based on the hypothesis of demic 
diffusion of farmers. From here he goes into long argu- 
ments claimed to disprove the hypothesis of demic dif- 
fusion, and to conclude that Renfrew’s hypothesis must 
be wrong. Most of Zvelebil’s discussion is dedicated to 
the analysis of demic diffusion, and therefore it seems 
useful to analyze his arguments in some detail. 

It is necessary to note that Zvelebil has been led to 
believe that we are in error, among other reasons, by 
a somewhat surprising misunderstanding. In Zvelebil 
(1986b) he compared our simulation (Rendine et al. 
1986) of the expansion to Europe with the “actual” ex- 
pansion (Zvelebil 1986b, figs. 6-8) and found it lack- 
ing, because in certain areas the real expansion has been 
faster or slower than in our simulation. We were well 
aware of the local differences in rates of expansion, 
which are, however, minor (Ammerman and Cavalli- 
Sforza 1972, 1973, 1984). In fact, Zvelebil’s real expan- 
sion figures are not dissimilar from our fit of an isochron 
map (Ammerman and Cavalli-Sforza 1984, fig. 4.5), 
which he should have used for the comparison. We be- 
lieve our isochron map is more precise than Zvelebil’s 
figures, because it is based on an exact interpolation pro- 
cedure of the real data and not on a very approximate 
rendition by eye of an unspecified set of data perhaps 
less complete than the one we used and referenced (Am- 
merman and Cavalli-Sforza 1984). 

It is erroneous to compare in detail the real maps 
with the simulation by Rendine et al. (1986) as done 
by Zvelebil, because the simulation had other purposes. 
As we Stated clearly, the simulation was set up: (1) to 
test the possibility of distinguishing different migrations 
by principal-components analysis; (2) to compare the 
average observed rates of advance with those expected 
under the model, without any attempt at varying locally 
the rates of advance; and (3) to test how long the initial 
genetic gradients could resist before being destroyed by 
later noise caused by local short-distance migration. The 
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simulation showed that the method responds well to the 
conditions required for our purposes. There was no at- 
tempt to introduce into the simulation different means of 
transportation by water and by land, as well as local eco- 
logical differences, which are presumably responsible for 
possible irregularities of the advance of the farmer’s fron- 
tier (probably exaggerated in Zvelebil’s figure, Zvelebil 
1986b). In fact, in the simulation, only a limited at- 
tempt was made to indicate the major mountain chains, 
given by “holes” of the matrix representing the European 
map in our figures 7.5 and 7.6 (Ammerman and Cavalli- 
Sforza 1984). Zvelebil is refusing the model on the basis 
of an erroneous comparison. 

In some areas, however, Mesolithic people may have 
preserved for a longer time their characteristic way of 
life side by side with Neolithics. It is interesting that 
this was observed especially at places most distant from 
the origin, like Denmark or Spain (both in the Cantabrian 
region and toward the eastern coast; see sec. 5.9), and 
therefore at later times. These local peculiarities do not 
affect the usefulness of the model. Evidence that these 
situations are as common as claimed by Zvelebil has 
not been given, but in the area covered by the Bantu 
expansion, pockets of hunter-gatherers have not entirely 
abandoned their way of life even after prolonged contact 
with farmers. They represent, however, exceptions. It is 
likely that Zvelebil has generalized on the basis of his 
own very interesting work on an exceptional situation in 
Spain (see sec. 5.9). In our map of the latest Mesolithic 
sites in Europe (Ammerman and Cavalli-Sforza 1984) 
and its comparison with the map of the earliest Neolithic 
sites there was no important exception to the rule that 
there were no Mesolithic sites definitely younger than 
neighboring Neolithic sites. 

Other criticisms of Zvelebil (1986c) indicate a lack of 
understanding of the exact scope of simulations, which 
can test only one of a few specific factors at a time. In 
comparing the wave-of-advance theory with qualitative 
microgeographic models of frontier advance proposed 
by other authors, Zvelebil failed to see the difference 
between a macrosimulation, like that of Rendine et al. 
(1986), and microsimulations, an example of which is 
described a few lines below. He also confused math- 
ematical theories like the wave of advance, which of 
necessity assumes the simplest situation (continuous ho- 
mogeneous space), and qualitative models exemplified 
by him that represent complex, equally hypothetical, 
local situations, simply in order to make us understand 
that geographic reality is complicated. Only a general 
theory in continuous, isotropic space, as hypothesized in 
the wave-of-advance model, makes it possible to predict 
the average rate of advance. Although our macrosim- 
ulations have not considered, and could hardly con- 
sider, local variation of ecology, terrain, and population 
distribution, we did carry out some microsimulations; 
for instance, for imitating a model of spread along rivers 


of the Linear Band Keramik (Ammerman and Cavalli- 
Sforza 1984, fig. 7.3). These examples can be useful 
for understanding differences between a macro- and a 
microscale of theoretical analysis. However, the more 
complex spatial models of frontier discussed by Zvelebil 
(1986c) could be incorporated in simulations and could 
be tested if there were sufficient data on the greater per- 
sistence of Mesolithics in many areas. 

A statement by Zvelebil and Zvelebil (1988) would 
gain considerably by being made explicit, case by case, 
and quantitative: “in most areas there 1s continuity of set- 
tlement” in the Mesolithic-Neolithic transition; exactly 
how often and where is this statement correct? There is 
clearly a considerable increase in population density and 
number of sites with the Neolithic, and it seems likely 
that a number of Neolithic sites do not have a Mesolithic 
antecedent, or at least that there is frequently no good 
proof of continuity. But again, areas will differ. 

Other considerations, such as “continuity of some as- 
pects of material culture (such as lithics) and retention of 
symbols (bear, waterbird, fishes) across the Mesolithic- 
Neolithic transition” (Zvelebil and Zvelebil 1988), are 
also not inconsistent with our model. It is well known 
that most farmers have retained foraging customs for a 
long time, together with food production. Ethnographic 
observations (Cavalli-Sforza 1986a; Hewlett and Cavalli- 
Sforza 1986) show that African farmers often hunt with 
local Pygmies. There is some exchange of technical in- 
formation (e.g., On weapons used, traps, etc.), but the 
local foragers, the Pygmies, are those who have the su- 
perior knowledge of hunting, having been in the busi- 
ness and in the area for a long time, and their know-how 
is likely to be passed on to the newcomers. The tools 
used for hunting are in general quite different from those 
used for agriculture, and farmers might well accept tools 
that they learn to produce from Pygmies; the reverse has 
also been observed (e.g., for the crossbow; Hewlett and 
Cavalli-Sforza 1986). 

As to the permanence of symbols, there is also perma- 
nence of place names, which continue to persist across 
many cultural transitions, and undoubtedly there is likely 
to be local continuity of superstitions; so, why not of 
symbols, especially those having to do with hunting? 
The real problem is that archaeology rarely finds direct 
evidence of the physical arrival of migrants, but only 
indirect evidence, from the presence of new objects that 
could always be explained by trade and fashions. Under 
the conditions, some archaeologists find it easier to deny 
categorically the possibility of migration. It is true that 
the hypothesis of migration has been abused in the past, 
but a total denial of migrations cannot be a rational 
solution. 

Finally, Zvelebil (1986b) did not accept the genetic 
evidence of migration from the Middle East, which sup- 
ports farmer migration and is discussed more fully in 
sections 5.10 and 5.11. He argued that other more recent 


migrations from the Anatolian region are more likely to 
be responsible for the genetic gradient observed in the 
first synthetic map (sec. 5.11). In particular, he cited 
the expansion of the Turkish people during the growth 
of the Ottoman Empire. But more recent migrations are 
less likely to have a detectable genetic impact, because 
the local population density of the earlier inhabitants 1s 
very high in recent times compared with most situations 
of immigration. Moreover, armies of invaders are usu- 
ally relatively small minorities, who rarely settle in con- 
quered country. Even in the case of the invasion of Hun- 
gary by the Magyars, which was certainly of greater 
relative demographic weight than the Turkish expansion 
and was certainly followed by settlement (sec. 5.6), it 
has been laborious to find specific genetic traces, which 
turn out to be at the limit of detectability (Guglielmino- 
Matessi et al. 1990). On the basis of present knowledge, 
Turks seem to have been relatively unsuccessful in mak- 
ing their genetic presence felt, even when they occupied 
modern Turkey, coming from the East. By contrast, the 
genetic gradient in Europe of people originating from 
the Middle East is of dramatic magnitude and regularity 
across the whole continent. It is not just limited to the 
Balkans. The consideration of demographic quantities 
suggests that the present genetic picture of the aborig- 
inal world is determined largely by the history of Pa- 
leolithic and Neolithic people, when the greatest relative 
changes in population numbers took place. 

Renfrew’s hypothesis of the Anatolian origin of Indo- 
European languages has, as mentioned earlier, support 
from independent linguistic considerations that assign 
the origin of Indo-European languages to various parts of 
Anatolia (Dolgopolsky 1988; Gamkrelidze and Ivanov 
1990); but it conflicts with a great number of ear- 
lier hypotheses putting the homeland of Indo-European 
languages in many different parts of Europe (Mallory 
1989). Major problems encountered in settling linguistic 
disputes of the kind are the absence of written documents 
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earlier than 5000 years ago, the tenuousness of the ar- 
guments used for choosing the homeland of a group of 
languages, and the high rate of change of languages. 
Some linguists prefer to consider problems of this kind 
as insoluble, but others are ready to accept the idea that 
a Proto-Indo-European language, reconstructed from 
modern languages, was spoken some 5 or 6000 years 
ago in a homeland on which there is no complete agree- 
ment. Quite a few, however, including Mallory, iden- 
tify it with the Don-Volga region, essentially accepting 
Gimbutas’ suggestion that the Kurgan culture of pas- 
toral nomads spread Indo-European languages to Eu- 
rope. We have indicated that our synthetic map of the 
third genetic PC supports Gimbutas’ hypothesis (1970, 
1991). In a similar way the first synthetic map sup- 
ports Renfrew’s hypothesis. We have also noted that the 
two hypotheses are not incompatible; on the contrary 
they are related and can reinforce each other. We accept 
both with caution, knowing that it is objectively diffi- 
cult to reach a high degree of confidence in identifying 
an archaeologically defined culture with a genetically 
and/or linguistically defined people. The development 
of pastoral nomadism in the steppes secondary to that 
of agriculture in West Asia may well have fostered ex- 
pansions both west, to Europe, and southeast, to India. 
These expansions need not necessarily have originated 
from the same nuclear areas of pastoral nomadism, but 
there might have been an original relationship between 
such areas. There is disagreement between Renfrew and 
Gimbutas regarding the timing of such expansions; but 
while Renfrew does not accept Gimbutas’ migration 
of the Kurgan people toward Europe, he seems to ac- 
cept the idea that Iranian and Indic languages origi- 
nated from an expansion of the pastoral nomads from 
the steppes. Clearly, improvement of our archaeological 
knowledge on these expansions of pastoral nomads may 
be critical for a more convincing test of these hypothe- 
ses than is possible today. 


5.13. SUMMARY OF THE GENETIC HISTORY OF EUROPE 


Europe is the continent that is the best investigated 
genetically, but it is possible to reconstruct only a small 
part of its genetic history, which covers a period of at 
least 40 ky. Written documents give some information 
only for the most recent 3000 years, a little more in 
some areas and less in others. The most difficult part 
is the beginning: we prefer to think that admixture with 
Neanderthals was not important, but even this is ques- 
tioned by some archaeologists. The anomaly in eastern 
Europe shown by the third PC could be due to a number 
of different events, some of which have been suggested 
in the last section. One could also add to that list a possi- 


ble admixture with Neanderthals; synthetic maps cannot 
speak for or against it, if taken in isolation. The order 
of importance of PCs and, hence, of the synthetic maps 
is not determined by order in time but by their potential 
of explaining as much genetic variation as possible. 
If a high-resolution analysis of mtDNA were done in 
Europe, the presence of Neanderthal ancestry might be 
revealed by independent, old branches. If one accepts, 
however, as most archaeologists do, that the first devel- 
opment of modern humans (outside Africa) took place 
in West Asia, it would be surprising if modern humans 
emerged in western Europe untransformed by the pas- 
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sage through eastern Europe, if there had been impor- 
tant admixture with local Neanderthals in this area. It 
is, therefore, reasonable to think that there was an es- 
sentially undisturbed expansion of modern humans from 
somewhere in West Asia all the way to western Europe 
in the period between 40 and 30 kya, unless some less 
likely explanations are preferred on other grounds. 

At least in some parts of Europe, and in particular in 
the west, living conditions were favorable for the de- 
velopment of strong local cultures, of which archaeol- 
ogists have found important traces, especially in south- 
western France. Whatever the earlier development, at 
the peak of the last glaciation around 18 kya, the peo- 
pling of Europe was certainly limited to the southwest, 
the south, and the southeast. This may have caused 
a fairly profound isolation of the Paleolithics of the 
southwest of France and maybe the Iberian Peninsula 
from the rest, helping us to understand how some of 
the local genetic idiosyncrasies may have developed. 
There clearly was at that time and place plenty of op- 
portunity for strong drift caused by small population 
size and a high degree of isolation. An example are 
the very high frequencies of RH-negative gene among 
Basques, who even today have 55% RH-negative fre- 
quency and show exceptional frequencies also for many 
other genes. It was practically inevitable that Basques 
would undergo some admixture with people who ar- 
rived later. If about 7,000 years ago, just before contacts 
with Neolithics, Basques had had an RH-negative gene 
frequency of 100%, a very small gene flow per gen- 
eration would have been sufficient to lower their gene 
frequency to present values. This assumes absence of 
natural selection, which would complicate calculations. 
Naturally, the evidence from one gene is not sufficient, 
but Basques differ from their neighbors for many other 
genes. 

In the late Paleolithic, languages spoken in Europe 
may have been of the type still represented in Basque 
and Caucasian regions, and it is tempting to specu- 
late that languages of this family were spoken by the 
first modern humans who arrived in Europe. Most lin- 
guists are convinced that languages evolve too fast to al- 
low recognition of relationships of this time depth. Re- 
cent preliminary results, however (reviewed in Ruhlen 
1990) suggest that this skepticism is unjustified. There 
is a clear need for a deep investigation of ancient lan- 
guage relationships so that they can inspire general 
confidence. 

It is also difficult to exclude the possibility that the ex- 
pansion of proto-Caucasian (proto-Basque) speakers was 
later than the first expansion of anatomically modern hu- 
mans to Europe, but there is no reason to postulate other 
radiations until there is evidence for them. If a proto- 
Caucasian type of language was used by the modern hu- 
mans spreading to Europe in the period between 40 and 
30 kya, its origin need not have been in the Caucasus. It 


is more likely that the Caucasus is one of the few areas 
that lends itself, for geographic and ecological reasons, 
to the survival of relic languages. But, we are clearly 
asking questions that are very difficult to answer and we 
do not know whether answers will ever be found. In any 
case, thorough investigation of the Caucasus populations 
must be a high priority. 

As we come closer to the present, the situation be- 
comes a little less confused. Between 10,000 and 6000 
years ago, Europe was deeply transformed by the slow 
entry of agricultural techniques, introduced by Neolithic 


- farmers from the Middle East, in particular from Anato- 


lia. According to Renfrew (1987), but the hypothesis is 
hotly debated among linguists, this is also likely to have 
been the first entry of Indo-European languages into Eu- 
rope. The slow, gradual spread of Middle Eastern farmers 
dramatically altered the genetic picture of Europe, deter- 
mining the most important and most regular multigenic 
gradient observed there. The persistence of this gradient 
over a long time, and despite many later phenomena, is 
not surprising since linear gradients are extremely stable 
and analysis by synthetic maps can easily extract such 
latent gradients. 

One interpretation of the second synthetic map is that 
it represents the genetic difference between speakers 
of Uralic languages and Indo-European languages. One 
must assume that the Uralic family originated within a 
group of people who settled not far from the Arctic re- 
gion at the boundary of Europe and Asia. Its genetic ori- 
gin may have been Caucasoid or Mongoloid, but there 
certainly was an admixture of various degrees in different 
areas: mostly Mongoloid east of the Urals, and at least 
initially also in northern Scandinavia—with a very sub- 
stantial Caucasoid component in Finland and in northern 
and central Russia. The Mongoloid contribution may be 
responsible for the biological and cultural adaptation to 
cold climates. 

The simplest interpretation of the third and seventh 
synthetic maps is to associate them with the diffusion 
of the Kurgan culture, which, according to Gimbutas, 
spread Indo-European languages to Europe. This is not 
in contrast with Renfrew’s hypothesis that Indo-European 
languages came from Anatolia with Neolithic farmers. In 
fact, this first spread could have brought Indo-European 
languages to the area where the Kurgan culture devel- 
oped, north of the Caucasus and the Black Sea. Here, 
new technological developments associated with the use 
of horses and ox-driven wheel carts were the stimulus to 
a secondary spread of other Indo-European speakers. 

Synthetic maps of lower levels give many indica- 
tions of other possible expansions from various regions 
near the Black Sea, the Caucasus, Greece, and else- 
where. There are many possible candidates for these 
PC patterns, but at the moment it seems difficult to make 
definite choices for most of them. Better archaeologi- 
cal information is needed; genetic information also needs 


strengthening, given that synthetic maps of a lower order 
are statistically less informative. 

In spite of considerable linguistic differentiation, cen- 
tral Europe shows substantial genetic homogeneity. Un- 
questionably, though, there are finer distinctions that can 
be picked up by new analytical techniques (Barbujani 
and Sokal 1990). Most European nations are sufficiently 
old that political and linguistic barriers, which often co- 
incide, are likely to have favored a certain amount of lo- 
cal endogamy within sociopolitical and linguistic bound- 
aries. Language differences may have further contributed 
to genetic differentiation, by decreasing the probability 
of exchange across linguistic barriers, which are also of- 
ten physical and/or political and social. Many linguistic 
differences in Europe are relatively young, however, and 
we know very little of those that were present, say, 3000 
years ago. By contrast, the major genetic differences in 
Europe reflect older events, and phenomena that took 
place in both Paleolithic and Neolithic times determined 
the major patterns perceptible by synthetic maps. 

There are also some real genetic European outliers, 
some of which may be true genetic relics, others the re- 
sult of drift taking place with and after their foundation; 
in both cases, it is necessary and reasonable to assume 
fairly extreme genetic isolation. Moreover, in some 
cases, both mechanisms contributed to generating the 
observed anomalies. The insular condition of Sardinia 
and Iceland has favored their genetic differentiation. The 
origin of Iceland is sufficiently recent that the Norwegian 
derivation is still clear, both historically and genetically; 
that of Sardinia, which is at least 10 times older and 
probably had a more important founder effect, is more 
obscure. Colonization by Phoenicians and Carthagini- 
ans may help explain the Lebanese connection, but it 
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is likely that there are also more remote components: 
Neolithic, and therefore again connected with the Mid- 
dle East, and also Paleolithic. Cultural isolation of the 
Basques, aided by their determination to maintain their 
language and their culture, has helped preserve some 
of their presumably original genetic idiosyncrasies (per- 
haps made more complex by later drift). Basques are the 
only European people who can aspire to the privileged 
position of proto-Europeans. The Lapps are the farthest 
outliers, in part because of their admixture with external 
populations, and in part because of their extreme eco- 
logical and cultural isolation. Less extreme signs of an- 
cient differences persist, for example, in parts of Italy, 
France, and Iberia, the only countries where we have so 
far been able to carry our analysis to a greater depth. A 
more detailed study of such populations, especially de- 
scendants of Ligurians, Etruscans, and Osco-Umbrians 
may be enlightening. 

The study of genetic patterns shows that, in spite 
of the buffering of gene frequencies expected by con- 
tinuing local migration, there is a remarkable persis- 
tence of old differences and a less lively generation of 
new ones. Usually the only evidence we have for link- 
ing these genetic patterns with historical or prehistorical 
events is limited to a few clues. Sometimes, however, 
observed coincidences in the geographic distributions of 
genes and of archaeological observations are sufficiently 
striking that it would be unreasonable to dismiss them 
lightly. They are also reproducible. European genetic pat- 
terns observed by synthetic maps have been confirmed 
in at least one case by repetition with a substantially 
increased number of genes as well as by independent 
approaches. 
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6.1. GEOGRAPHY AND ENVIRONMENT 


The Americas, North and South, form 16% and 12% 
of the Earth’s surface, respectively, and their cumulative 
area is slightly less than that of the largest continent, 
Asia, which comprises 29% of the Earth’s surface. But 
today’s total population of the Americas is only about 
14% (including nonaborigines) of the inhabitants of the 
world, less than a quarter that of Asia (which is 60%). 
At the time of discovery, the population level was com- 
paratively much lower, but is not precisely known. At 
that time, important population densities existed only in 
Mexico and in the northern and central Andes. Three 
major demographic changes took place after discovery 
(McEvedy and Jones 1978). The native population de- 
creased practically everywhere and is now about 5% of 
the total population (much less in North America); it 
also underwent considerable admixture in many areas, 
and the mestizo population may be almost 20%. White 
immigrants and their descendants became the absolute 
majority of the population in North America (the United 
States and Canada) and in the southern part of South 
America. African slaves were imported for work on the 
plantations starting in 1650 and grew in numbers in most 
cases, especially in Brazil. Descendants of slaves now 
represent 15%—20% of the American population glob- 
ally, an estimate made very imprecise by the extensive 
hybridization that took place. As usual, we confine our 
attention to the native populations living in the Americas 
before 1492, and begin by describing the environment. 


North America. Two chains of mountains of very un- 
equal altitude run along the eastern and western coasts 
of North America: the Appalachians in the east have 
been considerably flattened by erosion, whereas the 
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Cordilleras in the west reach altitudes of 6194 m. They 
extend from Alaska to Mexico and in the region of their 
maximum width, near the fortieth parallel, they occupy 
about one-third of the surface of the continent. 

The rest of North America is relatively flat; the central 
shield in the middle is 1400 feet (427 m) high, on the av- 
erage, but it descends in altitude both in the north toward 
Hudson Bay and in the south and southeast, toward the 
lowlands and the Great Lakes region. The northern parts 
of the lowlands have been marked by moraines accumu- 
lated in four major glacial advances; the southern part 
remained ice free and was molded by rivers, of which 
the Mississippi is the most important. 

Because the continent spans latitudes from 65° to a 
few degrees above the equator, climate and vegetation 
are very diverse. The Arctic is mostly a cold desert, 
with only two months in which temperatures exceed the 
freezing point. Below the Arctic, in southern Canada, the 
climate is temperate and cool with frosty winters, short 
springs, and moderately humid and warm summers. The 
continental United States has cold to mild winters, de- 
pending on latitude, and hot summers with ample rain- 
fall. The western United States is very dry except on the 
coast, which enjoys, especially in its southern part, a 
Mediterranean climate. Central America has little varia- 
tion in temperature with the seasons and has a mild cli- 
mate with abundant precipitation, except in central areas, 
which can be very dry. 

Two-thirds of North America was once forested, the 
type of trees depending on temperature and humidity. 
The rest of the continent is drier, with grassland or desert. 
In the Great Plains of North America, tallgrass prairies 
formed the habitat of the bison (often called buffalo) for 
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many millennia. Tropical savannas are found almost only 
in parts of Central America; the northern area, however, 
is mostly desert, whereas tropical forest is extensive in 
the southern lowlands. The map of vegetation illustrates 
the climate and ecological conditions (fig. 6.1.1). 


South America. To some extent, South America is 
a mirror image of North America. Here too the west- 
ern mountains border the Pacific and reach astounding 
heights; they go from the extreme north to the ex- 
treme south and are wider in the middle. Old, flattened 
highlands occur in the east in northern Guiana and in 
southern Brazil. Between these highlands is a very wide 
lowland, the Amazon basin. The Amazon basin occupies 
all the northeastern part of the continent and is covered 
by tropical rain forest, having very abundant precipita- 
tion and little change in rain or temperature throughout 
the year. A relatively small fraction, about 10% of the 


6.2. PREHISTORY: OCCUPATION OF AMERICA 


The prehistory of America is shorter than that of any 
other continent, and its beginnings are more obscure 
despite enormous interest among scientists who have 
contributed to the research. Thus, there is considerable 
uncertainty regarding the origins of native Americans 
and, as is often the case, uncertainty generates discus- 
sion to the point of passion. 


AMERICA 303 


Fig. 6.1.1 Vegetation zones in Amer- 
ica (Jennings 1983). 


basin, 1s excellent for agriculture (“varzea’’) because it 
is flooded yearly when the rivers are high, but is not 
continuously submerged, so that it is naturally fertilized 
every year; but the rest (“terra firme’) lends itself less to 
agriculture. Where the precipitation is not so heavy, the 
temperatures are higher and the seasons change, gener- 
ating tropical savannas common to the Orinoco basin, 
just northwest of the Amazon in the Brazilian plateau. 
Farther south is dry forest; and still more to the south 
lies the basin of another great river, the Parana. Major 
grassland areas are the Pampas of northern Argentina; 
farther south lies the Patagonia desert. 

The Andes vary in climate and flora, depending on al- 
titude and local conditions, from tropical forest to grasses 
and plants of small and medium height (“paramos”), to 
steppe (“puna”) that reach the snow line. The extreme 
south, at a latitude of 56°, has glaciers and mountains, 
and a frigid climate. 


There is essential agreement on the idea that the 
peopling of Americas took place with the passage of 
nomadic Siberian hunters from Northeast Asia to Alaska 
(Fagan 1987). Other hypotheses have posited extraordi- 
nary journeys—for instance, from Africa to America or 
from America to Polynesia—but they are not supported 
by hard evidence (Bellwood 1979). One problem, how- 
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ever, is that among the oldest sites those that are less 
in dispute (but certainly not entirely accepted) are in 
South America. Moreover, there are only a few Siberian 
sites that may have been inhabited by pioneers who 
later occupied North America. Well-established Siberian 
sites are more recent than the oldest American sites, 
which are few and difficult to date. The oldest American 
sites are not accepted by some archaeologists, whom oth- 
ers accuse of maintaining unreasonably high standards 
(Bray 1988). Briefly stated, there is strong disagreement 
between archaeologists who believe that the earliest en- 
try into North America was 30-35 kya (there have even 
been claims of earlier sites), and those who are prepared 
to accept, on the basis of present evidence a first date 
of entry of 15 kya. We briefly review here some of the 
major finds that are generally accepted and indicate the 
major controversies. 

There is substantial agreement on the lack of evidence 
of archaic Homo sapiens or earlier types in America. 
All widely accepted American site dates follow the dis- 
appearance of Neanderthals in Europe and in Northeast 
Asia, and there are no finds supporting the migration to 
America of human types preceding anatomically modern 
humans (a.m.h.). 

The last glaciation occurred 30-13 kya, with a peak at 
18 ky; the geography and environment of America and 
northern Asia when the migration from Siberia to Amer- 
ica is believed to have taken place was different from 
today. In late glacial times (fig. 6.2.1), glaciers occupied 
almost all of Canada and part of the north-central United 
States. Temperate and tropical climates were found in 
North America at much lower latitudes than at present. 
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The tropical forest had a somewhat smaller extension, 
especially in South America. 

An ice-free corridor is believed to have existed be- 
tween the eastern edge of the Rockies and the im- 
mense glaciers occupying the central and eastern parts 
of Canada, but the environmental conditions were un- 
doubtedly fairly frigid in the corridor. Perhaps more im- 
portantly, at the presumed time of the crossing, the coast 
line was lower, due to water being retained in the polar 
ice. This exposed the continental shelf along the coast, 
causing the temporary disappearance of the Bering strait. 
A wide and flat land bridge, Beringia, replaced the strait 
connecting Asia and America, and is believed to have 
existed between 25 and 15 kya. It is not completely 
clear what the conditions for life were on Beringia: it 
was probably a largely treeless land with grasses, dwarf 
birch, and shrubs, a mosaic of steppe and tundra. It 
was cold and dry with strong winter winds. Neverthe- 
less, there were mammoth, bison, horse, antelope, and 
smaller animals (Fagan 1987; Schweger 1990). Certainly 
the land bridge favored passage between the continents. 
Without it, the passage would have had to have been 
made by boat, but direct archaeological evidence of pas- 
sage by water is difficult to find and, in this case, has 
not been discovered. 

Conditions that permitted crossing from Asia to 
America by land existed for some time and may have 
favored the passage of different groups in different peri- 
ods, some by land and some along the coast. The climate 
in Beringia was probably never too attractive, although 
perhaps not very different from that of the Siberian re- 
gions of origin, and it may have served as an incentive 


Fig. 6.2.1 Glacial environment in the 
Americas about 15 kya (Jennings 1983). 


to continue migration in an eastern and, finally, southern 
direction. 

Several Siberian sites could have been homes of the 
ancestors of the early Americans. 

1. About 20 kya, in Mal’ta and Afontova, in southern 
Siberia (see fig. 6.2.2), there lived mammoth and rein- 
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ern Russian steppes north of the Black Sea; among the 
latter, the best known lived at Mezirich on the Dnieper 
18—14 kya (Fagan 1987). Some of their tools are similar 
to the “microblades” made in Northeast Asia at that time. 

2. At the cave situated near Dyukhtai (also spelled 
Diuktai), near the Aldan River, an affluent of the Lena, 


deer hunters similar to the mammoth hunters of the west- a culture was found that was dated at 14-12 kya. By 


14 kya, this culture had already spread even farther 
north, up to the Arctic Ocean where a mammoth bury- 
ing ground was found at 71° latitude in Berelekh. The 
discoverer believes its beginning to be earlier and traces 
the origin of these people to northern China. The Diuk- 
tai people used microblades but, unlike Mal’ta people, 


o also made bifacial tools (Fagan 1987). Microblades were 
aptev 
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15 kya; they became common in Japan and perhaps Ko- 
rea in the later part of this period. 

3. A third site is Ushki Lake in Kamchatka where the 
oldest dates are around 14,000 B.c. The early Ushki cul- 
tures used stone-tipped spears, perhaps bows and arrows. 
The late Ushki culture (12,000—10,000 B.c.) is similar to 
the Diuktai culture, but more advanced, and has pecu- 
liarities of its own. A burial of a husky dated to 11 kya is 
the oldest northern find of a domesticated dog and may 
have been connected with the use of dog sleds. Many 
sites farther north on the Chuckchi peninsula (see fig. 
6.2.2) seem to belong to the late Ushki culture and show 
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A. Mal'ta F. Kurupka K. Bluefish Caves some intermediacy with Alaskan sites (Dikov 1988). 
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ers in the continental United States (in the parts that 
were not glaciated at the time) and Mexico (figs. 6.2.2, 
6.2.3). Tool finds at Old Crow Flats in the northern 


Fig. 6.2.2 Archaeological sites in Paleolithic Siberia and 
Alaska (Fagan 1987; Dikov 1988). 
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Fig. 6.2.3 Paleo-Indian sites in America 
(Fagan 1987; Guidon 1987). 
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Yukon (Canada) near the Alaskan border are undoubt- 
edly human, but the date of 27 ky claimed for them is 
disputed because it comes from animal bones, and there 
is no consensus that they were “modified” by humans. 
A human artifact made of bone that had an older date 
has been redated to 13.9 kya. Another site close to Old 
Crow, Blue Fish Cave, has bones with dates of 15.5 kya 
and 12 kya, in addition to human artifacts, including mi- 
croblades similar to those of the Diuktai caves. A lower 
layer at Blue Fish has broken bones dated 8 ,000—10,000 
years earlier, but signs of human occupation are not as 
clear as for the later layers. 

Many sites in Alaska have been dated to 12-10 kya; 
they contain bifaces and/or microblades reminiscent of 
the Siberian cultures (Denali complex, Dry Creek, Ak- 
mak). In summary, there is no evidence on which agree- 
ment has been reached that Alaska was occupied by hu- 
mans before 15 kya. 

In the central United States, there was a major explo- 
sion of archaeological finds marked by projectile points 
named after the Clovis site, which is dated to the period 
11.5-11 kya. There are, however, several finds older 
than Clovis. A conservative analysis by Fagan (1987) 
lists a few places that are pre-Clovis and in his view more 
satisfactory (see location of sites in fig. 6.2.3): Fort Rock 
Cave, Oregon— 13.25 kya; Wilson Butte Cave, Idaho— 
13-14.5 kya; Meadowcroft Rockshelter, Pennsylvania— 
more than 12 kya (up to 16.175 kya; Adovasio et al. 
1982); Little Salt Spring, Florida—12 kya. 

According to MacNeish (1978), Mexico has dates 
greater than 30 kya associated with chopping-chopper 
tools, followed by a phase 30-15 kya with bone tools and 
a unifacial industry (see criticism in Fagan 1987). Other 
archaeologists also believe dates earlier than 15 kya for 
Mexico and South America (see also Lynch 1990). Here 
we cite four major examples of early dates for South 
American sites. 

The Pikimachay Caves in Peru have a more reliable 
later occupation at 14 kya and an older one at 20 kya 
considered less reliable. 

Dates of 14,200+1150 at Alice Boer Site in south- 
central Brazil are more reliable than those of earlier 
tools from a lower layer at the same site, dated to 20-40 
kya. Pedra Furada in the northeastern Brazilian plateau 
(Guidon 1987) has yielded various layers with signs of 
human occupation, the oldest of which was dated to 32 
kya. Monteverde (south-central Chile) is an open settle- 
ment with excellent conservation. The people there were 
mammoth hunters living 12-14 kya. 

It is difficult for nonarchaeologists to form a final 
opinion at this stage, but wide disagreement obviously 
exists among specialists. It is understandable that there 1s 
little tendency to rely on radiocarbon dates especially if 
they are unique, have high standard error, or come from 
samples that could have been contaminated with older 
material. Other often-cited objections are that the strat- 


ification 1s imperfect, or human occupation and use of 
implements uncertain. The lack of evidence for early, 
and totally satisfactory, sites in North America 1s clearly 
one of the motives for the resistance to accepting sites 
anterior to 14 kya or 15 kya years in Central and South 
America. The idea that there is too short an interval of 
time between occupation of Alaska and that of South 
America is not a major obstacle, since nomadic hunters 
could well have covered distances of many thousands of 
miles in a period of 1000 years. In fact, the whole jour- 
ney from the extreme north to the extreme south might 
have taken about that long (Martin 1973). The problems 
that arise from accepting the hypothesis of this extremely 
rapid displacement are of two kinds: the hunters had lit- 
tle time to adjust to new environments if they moved 
so quickly from north to south across such a wide and 
diverse continent, and they must have reproduced at a 
high rate in order not to dilute themselves too much in 
the race toward the south. Approximate calculations indi- 
cate, however, that the hypothesis of rapid movement is 
not unacceptable (Cavalli-Sforza 1986b). Models of ge- 
netic consequences of this rapid advance are discussed 
in the last section of the chapter. The problem of adapta- 
tion to new environments must have been simplified by 
the availability of the same prey (mammoth, mastodon, 
and probably others) throughout the continent. The idea 
that South America was occupied before the north, either 
from the Pacific or the Atlantic Ocean, is more difficult 
to accept. Whatever trace of African genes are found 
among living people, it is much more likely to have 
originated from admixture with African slaves after the 
sixteenth century. The Pacific islands closest to South 
America are quite far away and were occupied only very 
late, in the last two thousand years. 

There is no problem with the essentials of the Clo- 
vis culture, which developed around 11.5 kya on the 
Great Plains of North America and lasted for about 500 
years. It is marked by mammoth and bison butcher- 
ing places, where bones of other animals are also occa- 
sionally found. The mammoths were killed with spears 
headed with projectiles that had characteristically fluted 
stone points and were given additional thrust by using 
spear-throwers (known as atlatl). This culture takes its 
name from Clovis, one of the important sites; it was sup- 
ported by a scarce and scattered population. Its origin 1s 
uncertain; its end coincided with the disappearance of 
mammoths from the plains. Shortly thereafter, these an- 
imals disappeared from all of America along with sev- 
eral other large mammals that became extinct between 12 
and 10 kya, including the mastodon (another elephant), 
the saber-toothed cat, the horse, several camels, giant 
sloths, and others (Grayson 1987). One large mammal 
that survived and was still flourishing on the Great Plains 
until a few hundred years ago is the bison. 

The disappearance of the big mammals has received 
different interpretations. Martin (1973) suggested that it 
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was due to overkill that started in North America and 
was continued in South America by hunters that occu- 
pied the whole of America in pursuit of this prey. This 
hypothesis, however suggestive, 1s certainly simplistic. 
Pleistocene overkill has been advanced as an explana- 
tion for many similar extinctions that happened at about 
this time in many parts of the world. Although overhunt- 
ing may have been a partial cause, it seems likely that 
the change of climate in the postglacial period also had a 
strong impact by causing profound ecological alterations. 
Evidence that it affected the fauna comes from the ob- 
servation that large extinctions of birds also occurred at 
the same time, whereas small mammals survived and 
changed their range. Moving to other, more acceptable 
environments was certainly a mode of adaptation to cli- 
matic change (Grayson 1987) that was not equally open 
to large animals. The bison, however, could survive be- 
cause it was not bound by its digestive system to eat 
only the tall grass of the archaic prairies but also the 
short grass that replaced it in postglacial times. After 
the disappearance of the mammoths, bison-hunting be- 
came the major source of food and other commodities 
(bones, hides, etc.). Weapons changed somewhat, and 
new projectile points were developed from the Clovis 
points. There was some slow evolution in the hunting 
techniques, but in the Plains the bison remained the ma- 
jor source of food for millennia. Only the introduction 
of the horse and the gun after the Spanish conquest in 
the early sixteenth century generated a dramatic change. 
The bison then came very close to extinction and was 
saved only by protection in government reserves at the 
beginning of this century. 

Whatever the first date of entry, between 35 and 15 
kya, it is clear that there was more than one migration. 
The linguistic and biological evidence is discussed in 
sections 6.8 and 6.9-6.13. 

The oldest migration from Siberia was that of the 
Paleo-Indians, to which the above discussion refers, and 
led to the peopling of the entire continent. There may 
have been a series of migrational waves, not simply one, 
or there may even have been a continuous flow. The other 
two migrations were both later and led to the occupation 
of more limited and well-defined areas in the north. 

Another migration, presumably a second one (15-10 
kya) is named after the Na-Dene family of languages 
spoken by these people. They settled in southern Alaska 
and on the northwestern coast of North America, perhaps 
only a little later than the Paleo-Indians. Much more re- 
cently, at the beginning of the present millennium, some 
Na-Dene groups migrated farther south. 

The third migration was that of the Eskimo-Aleut (ca. 
10 kya), who kept to their Arctic and sub-Arctic habi- 
tats, with the Aleuts occupying the Aleutian islands and 
the Eskimos occupying Alaska and the northern coast 
of North America, spreading later as far as Greenland. 
There are still a few Eskimos in the extreme northeast 
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of the USSR, but Siberian Eskimos are believed to have 
reentered Asia from the Americas and should not be con- 
sidered, therefore, an aboriginal Asian group. 

The original Asian locations of the Na-Dene and 
Eskimo-Aleut are not completely clear but are perhaps 
easier to fit into the general archaeological picture than 
that of Paleo-Indians, for whom the uncertainty of the 
time of origin (35-15 kya) is likely to be with us some- 
what longer. It is possible that Na-Dene and Eskimo- 
Aleuts had common origins in Asia. 

Dikov (1988) has suggested that the late Ushki cul- 
ture, dated 10-12 kya and located on the eastern coast 
of the Kamchatka peninsula, shows similarities with cul- 
tures of Alaska and British Columbia and may have 
contributed to the Eskimo or the Na-Dene populations 
or both. Dikov also discovered a culture on the south- 
eastern Chukchi peninsula at Puturak Pass, in close 
proximity to the Bering Sea, that has a technology 
different from other Asian cultures and similar to that 
of the Gallagher Flint station in the Brooks Range of 
northern Alaska. It is dated to 10,549+150 years ago 
and also has similarities with the culture of Anangula 
(fig. 6.2.2), a small island in the Aleutians near Umnak 
Island. The Anangula culture is the oldest known in the 
Aleutians (dated at 8.7 kya). Laughlin (1980) suggested 
that Eskimos and Aleuts both come from Anangula and 
that the occupation of the Aleutian Islands began from 
it, proceeding both westward and eastward from there. 
The earliest occupancy of the western and eastern ends 
of the chain of islands is currently dated to 3000 years 
ago, but the most interesting early sites of these fisher- 
men and sea-mammal hunters may be submerged. The 
first known date of occupation of Anangula has also been 
suggested (Laughlin 1980) as the date of separation of 
Aleuts and Eskimos. Fagan (1987) indicated more con- 
servatively a date before 4000 years ago. While Aleuts 
remained on the islands that carry their name and mostly 
maintained their primary skills in hunting sea mammals, 
Eskimos developed transportation skills across the Arctic 
and hunted not only sea but also land mammals (musk ox 
and caribou). The Dorset culture (Jennings 1983) ranged 
from the Northwestern Territory in Canada to the Hud- 
son Bay, Labrador, Newfoundland, and Greenland by 
1000 B.c., on the average, but there are signs of earlier 
occupancy of these regions by a pre-Dorset culture. 

The difference in origin of Na-Dene and Eskimo-Aleut 
remains to be clarified. The coast of the Pacific North- 
west was colonized by Na-Dene speakers, but the exact 
time sequence is not clear. Queen Charlotte Island, off 
the coast of British Columbia, was continuously inhab- 
ited between 7000 and 5000 years ago, but the area may 
have been occupied earlier. The populations of the north- 
west coast developed a special way of life, reaching high 
densities especially at the mouths of rivers where salmon 
was easy to catch. Their cultures at the time of European 
contact allow us to place them among the world’s most 
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successful foragers, and they were the subject of classical 
research in cultural anthropology. 

The eastern coast of Greenland was settled by Vikings 
coming from Norway and Iceland in the ninth or tenth cen- 
tury A.D., but the Viking settlement lost contact with Eu- 
rope and disappeared in the fifteenth century. Perhaps in 
that early time, and probably later after the Danes settled 
in Greenland (beginning in A.D. 1721), there was some de- 
gree of admixture with people of European origin. 

In summary, there is little agreement about the first 
occupation of the Americas; possible dates vary from 35 
to 15 kya. There is agreement that this first migration 
came from Siberia via Beringia and was followed by 
the rapid occupation of the whole continent by “Paleo- 
Indians.” The next settlement, on the northwestern coast 
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The development of human populations was very un- 
equal in the various regions of Americas. The Paleo- 
Indian hunters occupied the continent with extraordinary 
rapidity; there later developed local hunting traditions 
that lasted for millennia in some areas, though inevitably 
with more or less continuous cultural changes and peo- 
ple displacements. The post-Paleo-Indian period is often 
called the Archaic Period or later hunting-and-foraging 
period. 

The transition to food production from the forag- 
ing economy—that is, the hunting-gathering and, near 
the water, the fishing economy—1is sometimes called the 
Formative Period; it occurred at very different times and 
in different ways in the various regions. In the periods 
preceding agriculture or in its early development, pop- 
ulation density increased somewhat, a stimulus to tech- 
nological advance in food production. The development 
of domesticated plants and animals and their adoption as 
staple food was always a relatively slow process, espe- 
cially in the Americas, for reasons that depend in part on 
geography and in part on the nature of the domesticates 
themselves. Compared with Europe and East Asia, dif- 
fusion of agriculture to neighboring regions was slower 
and more limited. Therefore, at the time of European 
contact, plants had been cultivated for almost 10 millen- 
nia in areas like Mexico and the western part of South 
America, where important empires with large popula- 
tions had developed. In many other regions, however, 
large numbers of American natives were still hunter- 
gatherers. This was true in particular of the Northwest 
coast North American Indians, the Na-Dene, and of 
Californians; but in both regions relatively high popu- 
lation densities had been reached at the time of contact 
and complex societies had developed, especially among 
the Na-Dene. The density and, according to some, so- 
cial complexity of these hunter-gatherers were greater 
than in other parts of North America that offered only 


of North America, was between 15 and 10 kya and is at- 
tributed to Na-Dene-speaking people. The third, around 
10 kya or later, led to the occupation of the Arctic coast 
by Eskimos. The three-migrations theory has been pro- 
posed by Greenberg et al. (1986); see also Greenberg 
and Ruhlen (1992). It is based on linguistic, dental, and 
genetic information, as we shall see in the rest of this 
chapter. A group of linguists (sec. 6.8) vigorously op- 
poses the interpretation of linguistic data proposed by 
Greenberg (see Ruhlen 1987, 1991; also Rass 1991; 
Wright 1991). 

Other useful references are Kirk and Szathmary 
(1985), Aikens (1990), and Ruhlen (1990), as well as 
chapters 54 and 55 of the Cambridge Encyclopedia of 
Archaeology. 


marginal resources and where agriculture, even if it had 
been adopted as a partial source of food, had only limited 
development. 

The beginnings of agriculture in America are perhaps 
slightly later than those in the Middle East and in China. 
By the year 9000 B.p, Middle Eastern agriculture was 
already a complex economic system using both animal 
and plant domesticates that could be exported to nearby 
regions with a somewhat similar ecology. Initial devel- 
opments in Mexico and the northern and central Andes 
took place in an environment and with domesticates not 
widely represented outside the original area. Few if any 
of the original crops had the potential of being easily ex- 
ported to a wide area around that of origin before being 
more fully developed, unlike the Middle Eastern domes- 
ticates of wheat, barley, sheep, goats, and cattle. In ad- 
dition, agriculture in America began in areas like central 
Mexico and the western part of South America (mostly 
Ecuador and Peru), which were to some extent unique or 
isolated. The Mexican plateau enjoyed a temperate cli- 
mate not found in much drier northern Mexico nor in the 
tropical forest of the southern part of Central America. 

The Andes were another unique environment in which 
extreme differences in altitude at a short distance pro- 
vided a great variety of small niches, each suitable for 
very different types of economic activities. In time, this 
variety was cleverly used by what is called a “vertical 
pattern” of exploitation, namely by foraging, cultivating, 
or breeding very different plants and animals at different 
altitudes, often very close together, and exchanging these 
products by a complex network of trade and communi- 
cations. Systems of seasonal migrations also developed, 
similar but not entirely comparable to “transhumance” in 
the Old World. It took time, however, before the social 
and political conditions of these populations were such 
that the extraordinary variety of available environments 
could be turned into a source of wealth. 


Native Americans developed a great number of do- 
mesticated plants for a variety of uses (Pickersgill and 
Heiser 1977). Many of them, like maize, potatoes, and 
tomatoes, were exported to Europe after their discovery 
in the New World and acquired primary importance as 
staple food in the Old World. Other American plants like 
manioc were exported to tropical Africa and radically al- 
tered the local food customs. The first plant domesticated 
in America may have been the bottle gourd (Lathrap 
1977), at least 9500 but possibly 11,000 years ago, be- 
cause of its usefulness as a water container. Maize was 
domesticated from local plants in Mexico at Tehuacan 
and Tamaulipas around 9500 years ago, but initially — 
and for many thousands of years—it remained a small 
component of the diet. Originally, maize cobs were one- 
tenth or less the size of modern cobs. Cob size grew 
with remarkable regularity over the millennia, presum- 
ably because of artificial selection exercised consciously 
or subconsciously by the breeders, who may have been 
systematically choosing the best cobs for reproduction. 
At the time of the Spanish conquest of Mexico, agri- 
culture formed an important part of the food supply, 
which was augmented by the products of hunting and 
gathering. It is more or less arbitrarily assumed that 
agriculture became a major source of food supply at a 
“critical” time about 4000 years ago. At that time, the 
yield of maize was sufficient to support a sedentary pop- 
ulation; pottery made its first appearance then, much 
later than in Europe and Asia, and almost certainly inde- 
pendently. Beans were also domesticated early in Mex- 
ico, with the first examples 9000—10,500 years old; they 
are a good complement to the maize diet because they 
supply essential amino acids deficient in maize. Squash 
was soon added to maize and beans, forming the Amer- 
ican Indian triad of staple foods famous for being nu- 
tritionally well balanced. Potatoes probably came from 
Colombia (10 kya). Cotton was grown for use as a tex- 
tile. Most of these crops could not grow in tropical envi- 
ronments, such as the lowlands of South America, where 
instead manioc was first domesticated. It later spread to 
other areas of tropical forest outside the continent. 

Few animals were domesticated; however, the use of 
dog meat for food may be 6000 years old. The turkey 
is first found in Mexico from 300 B.c. In the central 
Andes considerable use was made of domestic camelids 
(llamas, alpacas), which became increasingly common 
in the last 8000 years for transportation and meat. Guinea 
pigs were domesticated in Colombia and Peru for meat 
probably in the last 4000 years. Figure 6.3.1 shows the 
sites of earliest domestication in America (Bray 1980). 

At the time of European contact, American natives 
were still in the stone age; the only widely used metals, 
gold and silver, had almost entirely ornamental appli- 
cations. Some native copper was used for weapons and 
ornaments. Even so, at the time of contact, two major 
empires with large populations had developed in Mexico 
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|: | Sites of early domestication of plants and animals 


Northern limit of maize cultivation 
at the time of European contact 


Fig. 6.3.1 Distribution of probable places of early 
domestication (Bray 1980). 


and Peru. Elsewhere, population density was still low, 
although it had increased in the last millennia over the 
very low densities characteristic of the initial period. 
The high mobility of the Paleo-Indians allowed them 
to occupy the whole continent rapidly, but later popu- 
lation growth was slow until the last two or three mil- 
lennia and increased almost exclusively in areas where 
previous important agricultural development had oc- 
curred. The number of American aboriginals at the time 
of contact is very imprecisely known and varies greatly 
with the authors. Early estimates by Kroeber (1939) and 
Mooney (1928) (whose estimates differ little from Kroe- 
ber’s) give a total of 1.2 million for all of North America, 
of which the largest components (in thousands of indi- 
viduals) come from California (260), Canada (190), the 
Gulf States (115), and the Plains (100). Later estimates 
are higher, up to 5 million for the United States (Russell 
1987) and 300,000 or more in Canada (Charbonneau 
1984). Meso-America was the most densely populated, 
with perhaps 6—25 million people (McEvedy and Jones 
1978). For central Mexico, Cook and Borah (1971) sug- 
gested a population of almost 17 million in a.p. 1532, 
down to 6 million in A.p. 1548 and | million in 1608; 
but Zambardino (1980) corrected the 1548 estimate to 
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3.6 million. In Peru, the Spanish viceroy estimated 1.3 
million in 1572, down to 600,000 in 1620 (Sanchez- 
Albornoz 1977). 

The uncertainty of these estimates should not be sur- 
prising. Censuses are difficult even under optimal con- 
ditions; at the time of conquest, they were rare even in 
Europe and there was neither enough interest nor tech- 
nical skills for carrying them out in the colonies, the oc- 
cupation of which remained incomplete for a long time. 
In any case, qualitative evidence shows that population 
numbers declined rapidly after the conquest, with the 
spread of epidemics brought by the conquerors and the 
destruction of the preexisting civilizations. Later cen- 
suses are therefore of little use. 

Aboriginal population densities largely reflected the 
degree of development of agriculture and social orga- 
nization, being higher where the history of agricultural 
development was older. An exception was North Amer- 
ica, where the nonagricultural societies of the west had 
relatively high densities because of exceptionally favor- 
able environments and advanced sociocultural adapta- 
tions. By contrast, central and eastern North America 
had only a short agricultural history and had not reached 
high densities at the time of contact. 

As noted elsewhere (sec. 2.7, 4.7, 5.2), the onset of 
agriculture and its successive development is of con- 
siderable importance from the point of view of popula- 
tion genetics in that the transition from food collection to 
food production usually increased population density and 
thus generally decreased the effect of random genetic 
drift. It also altered the pattern of migration in many 
ways, usually reducing individual migration by causing 
the population to become more sedentary. But migration 
was always higher in early agricultural times because ini- 
tial agriculture was of the shifting type (moving to new 
fields as soil fertility was falling or for other reasons) and 
in many areas still remains at this stage. Population satu- 
ration following initial growth is expected to cause cen- 
trifugal migration toward new unexploited fields, when 
these are available, setting in a slow wave of advance of 


6.4. DEVELOPMENT IN NORTH AMERICA 


Agriculture arrived late in North America from Mex- 
ico, and never reached the western coast during the pre- 
contact period. For a general overview of the pre- and 
post-agricultural development, it is convenient to dis- 
tinguish four large areas: the West, the Southwest, the 
central region (the Plains), and the East. 

1. The West includes for our purposes California, the 
Great Basin (Nevada and Utah), and the Plateau (Idaho, 
eastern Washington, and northeastern Oregon). Here, as 
elsewhere, the more immediate descendants of the Paleo- 
Indian hunters had to cope with an environment that was 


the agricultural population toward less dense areas. The 
wave of advance of farmers could begin only when and 
where cultivated crops had become the major source of 
food, and where strong physical barriers like mountains 
or deserts did not impede migration. These conditions 
occurred relatively late in America, after the Formative 
Period and therefore after 4000 years B.p It is unclear 
whether rapid increases of population density in Amer- 
ica caused major demic expansions as they did in Europe 
or Africa. Mexican agriculture was born in the highlands 
and expanded late to the north, but it is not clear if there 
was a demic component; the northern Mexican desert 
must have acted as a buffer that slowed northward ex- 
pansions. Agriculture probably spread from Mexico to 
the south, but there may well have been retrograde flow. 
The development that took place in Meso-America has 
much in common with that in the northern Andes. Dates 
are probably not known in enough detail to allow study 
of the spread to the south. Lathrap (1977), however, 
has given tentative dates and directions of expansion for 
Central and South America. The Andean type of econ- 
omy was Suitable for the particular environment of the 
Andes, and much of it remained confined to it. However, 
manioc cultivation, which had an enormous impact on 
tropical agriculture, may have originated in the forest 
near the central Andes. The natural way of communica- 
tion in the South American plains was along rivers, and 
it is not surprising if spread in this natural network was 
fast (Lathrop 1977). 

As a direct consequence of the economic history we 
have outlined—mainly the late and limited expansion of 
agriculture —and its highly localized development, pop- 
ulation density remained low in most areas, and the so- 
cial structure stayed fragmentary, leading to high genetic 
drift and, with it, high local variation. In the following 
sections, the development of various regions before and 
after agriculture is briefly outlined. Surveys of the sub- 
ject and references can be found in Jennings (1983) and 
in chapter 56 of the Cambridge Encyclopedia of Archae- 


ology. 


becoming warmer and drier. Seven thousand years ago, 
the climate was already similar to the modern one. But 
even by 9000 years ago, there was some evidence of a 
beginning of local differentiation of cultures. A substan- 
tial development of the foraging population, accompa- 
nied by a trend toward population increase, began only 
about 3000 years ago but 500 years later in the interior 
(Aikens 1983). It was once believed that the social sys- 
tem was extremely simple, especially in California, but 
this view is being corrected. Without increasing sophisti- 
cation, they would not have eventually reached relatively 
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high density and local wealth. The foraging peoples in 
the West were highly sedentary, and there was systematic 
exchange and trade between local populations. 

2. Agriculture from Mexico moved first to its near- 
est neighbor, the Southwest. Defined geographically in 
various ways, it usually includes Arizona, New Mex- 
ico, Colorado, and southern Utah. It is a very dry and 
almost desert area, but in the Archaic Period, and some- 
times even during the Paleo-Indian Period in the eastern 
moiety of the Southwest, there developed cultures of 
foragers that lasted for millennia, until the beginning of 
a sedentary-horticultural mode of living in the Formative 
Period. The introduction of some cultigens from Mex- 
ico, like maize, may be as old as 3000 years B.P. or more; 
a safer date is 2500 B.p. (Lipe 1983). The beginning of 
a radically new culture (see fig. 6.4.1) is seen with the 
Hohokam culture in southern Arizona, starting about 
2000 years ago. According to some, the Hohokam were 
migrants from northern Mexico; to others, they were lo- 
cal inhabitants who were under cultural Meso-American 
influence (Lipe 1983). They grew maize, beans, squash 


Fig. 6.4.1 Geographic location of the major North American 
agricultural groups (from Whitehouse and Whitehouse 1975; 
Griffin 1980). A, Fremont; B, Anasazi; C, Hohokam; 

D, Mogollon; E, Middle Missouri; F, Central plains; G, 
Southern plains; H, Onrota; I, Caddoan Mississippian; 

J, Plaquemine; K, Middle Mississippian; L, Fort Ancient; 
M, Appalachian Mississippian; N, Hurona; O, Iroquois; 

P, Monongahela. |, Hopi; 2, Navaho; 3, Zuni; 4, Apache; 
5, Pima; 6, Papago. 
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and cotton, made ceramics, and with irrigation were able 
to colonize a vast area. The Hohokam are believed to be 
ancestral to the Papago and Pima, who still live in the 
same general region. The case for continuity of culture 
from the Hokoham to the Pima-Papago is reasonably 
strong. 

North of the Hohokam, the Anasazi culture may have 
developed directly from an earlier Archaic culture that 
lasted through the millennia (the Oshara), probably with 
the contribution of migrants. Maize, beans, and squash 
are well documented by a.pD. 600, at which time the popu- 
lation, originally rather diffuse, began to collect in small 
separate settlements. Between a.D. 900 and 1100, large 
villages of Pueblo-type appear at Chaco Canyon in north- 
western New Mexico. There were cycles in which large 
villages (Pueblos) were formed, then abandoned collec- 
tively when the population moved to other places, often 
to form larger pueblos. It is believed that the increase 
in village size made it possible to engage in irrigation 
works of greater magnitude. Conflicts with immigrants 
to the area like the Apache and Navajo were earlier be- 
lieved to have been responsible for the movement of 
the pueblos, but it is now known that these Na-Dene 
speakers arrived in the area after A.D. 1200. Many new 
settlements were built and suddenly abandoned shortly 
thereafter, at dates that are accurately known thanks to 
the study of dendrochronology, the sequence of rings in 
trees. The reasons for movement are less clear. Among 
the current explanations for the abandonment of pueblos 
is the recent discovery of cooling and drying of the local 
climate around A.D. 1100, leading these people to search 
for areas more suitable for agriculture because more 
water was available. The descendants of the Anasazi 
are the modern Pueblo Indians (Hopi, Zuni, etc.; 
Lipe 1983). 

Another culture, the Mogollon, started east of the Ho- 
hokam and at about the same time, reached its maximum 
extension around A.D. 900. It was eventually absorbed 
into the western Pueblo culture under the influence of 
the Anasazi. Other groups that developed a farming cul- 
ture in the area, and that are not easily identified with 
modern descendants, include the Freemont in Utah, the 
most northern group in the Southwest. 

3. Unlike the Southwest, which is dry, the East enjoys 
considerable rainfall, which favored the development of 
a rich flora and fauna. This area includes the valleys of 
two major rivers (the Mississippi and the Tennessee), 
the Appalachian region, and extends farther northeast. 
In the Paleo-Indian Period, the Clovis hunters were the 
dominant culture, followed by the Dalton culture, which 
clearly derives from the Clovis, but is adapted to a new 
target, deer. In Paleo-Indian and Archaic times the popu- 
lation was probably scarce and diffuse, made up of small 
mobile bands with no capacity for food storage. 

The transition to a sedentary life was spread over a 
long period, and domestication of some native plants, 
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like sunflower and amaranth, may have preceded the in- 
troduction of cultigens of Mexican origin. An innova- 
tion is the building of large mounds as at Poverty Point, 
Louisiana, with dates ranging from 1700 to 870 B.c. 
(Jennings 1983). The size of this mound (a diameter 
of 1200 m) indicates that a degree of social complexity 
had been reached that made it possible to build such 
monumental works. Smaller mounds, usually burials, 
are very common. Domesticated squash is known from 
the area, but could not have formed an important part 
of the food supply; maize came somewhat later. Pottery, 
rare in the beginning, was widespread by 700 B.c. The 
population clearly became more sedentary during this 
period, usually called the Hopewellian, but only later 
(A.D. 700-1000) did clear signs of shifting agriculture 
appear (the Mississippian period), still combined, as is 
usual in initial periods, with hunting and gathering. The 
principal site is Cahokia, near the Mississippi River, al- 
most opposite St. Louis, Missouri. Production of maize 
and squash increased, and beans were added around a.D. 
1000. Communities ranged in size from 100 to 1000, and 
the larger ones showed indications of social stratifica- 
tion, with chiefs or priests directing ceremonials, mound 
constructions, and agricultural operations. This culture, 
Oneota, spread north to north-western Illinois and south- 
ern Wisconsin after A.D. 1000 and had connections 
with other nearby cultures. Villages were often fortified 
(Jennings 1983). 


6.5. DEVELOPMENT IN CENTRAL AMERICA 


The early development of agriculture at centers like 
Tehuacan, south of Mexico City, and Tamaulipas, north- 
west of the capital, has already been described. The slow 
emergence of an urban civilization reflects the long time 
necessary to develop an efficient agriculture in a chal- 
lenging environment where techniques of irrigation were 
necessary in most of the area. The first indication of wa- 
ter control is in Tehuacan 6000 years ago. Places dis- 
cussed later are shown in figure 6.5.1. 

In the Formative Period (2500 B.c.—a.D. 300), the ba- 
sis of the Meso-American civilization was laid through 
the development of intensive irrigation, astronomical 
observations, ceremonial centers and architecture, and 
hieroglyphic writing. The first great civilization was 
the Olmec (1200-600 B.c.) which developed its great- 
est monuments (the colossal stone heads of La Venta, 
San Lorenzo, and others) in an area of the Gulf coast. 
But the Olmecs established an exchange system that 
greatly extended and unified smaller-scale systems 
existing before in their area and in other areas of 
Meso-America, thus favoring the spread of cultural 
diffusion and trade throughout all Meso-America. After 


4. Between the Southwest and the East are the Plains, 
which after the disappearance of the forest around 10,000 
B.P. became a wide grassland occupied almost since the 
beginning by large herbivores, particularly bison. The 
numbers of bison fluctuated over the millennia; there are 
also fluctuations in the density of occupations and the ar- 
chaeological record probably for the same reason. At Hell 
Gap, the archaeological complexes follow one another 
with few changes from 11,000 to 8000 years ago; after 
that time, a climate change may have set in. At Mummy 
Cave, Wyoming, there are 38 distinct fertile levels from 
9300 years ago to A.D. 1580, indicating intermittent, per- 
haps seasonal, occupations for long periods of time (Jen- 
nings 1983). Agricultural activity with dependence on 
maize in the eastern Plains (the Plains Village Tradition) 
appeared between A.D. 600 and 1000 in South Dakota and 
nearby regions. The bison remained important, not only 
as a food source: bison scapulae were used as hoes. There 
were cultural contacts with the Pueblos and with the Cad- 
doan Mississippian, and many villages were fortified. 

In summary, quoting from the Cambridge Encyclope- 
dia of Archaeology (chap. 57, which, along with Jen- 
nings [1983], 1s a good survey of the period), “all North 
American agricultural developments were related histori- 
cally and were derived from prior appearances in Central 
Mexico and further south.” The societies of the south- 
east reached the greatest degree of social complexity and 
development. 


the decline of the Olmecs, important cultures and so- 
cieties developed in the valley of Mexico (Cuicuilco 
first, then Teotihuacan) and in the valley of Oaxaca 
(Monte Alban), where major ceremonial centers were 
built. In Teotihuacan (200 B.c—a.D. 800), the popu- 
lation in the later period may have been as high as 
100,000 for the whole valley of Mexico, most of it in the 
capital. 

The lowlands of Yucatan and Guatemala were occu- 
pied by Mayas, who extended also to the highlands in 
Guatemala. The conditions for agriculture in the Mayan 
regions were quite similar to those of the Gulf coast 
where the first urban civilization, that of the Olmecs, 
had earlier developed. These regions were excellent for 
sedentary, but not intensive, agriculture with two crops 
of maize a year. Soil fertility, however, is a serious prob- 
lem; it is not clear how the Mayas solved it, but they may 
have employed several different solutions to make slash- 
and-burn farming more efficient (Jennings 1983). Cer- 
emonial centers like Tikal in the Guatemalan lowlands 
and Kaminaljuyu in the Guatemalan highlands began 
developing in 30 and 500 B.c., respectively. The Mayan 
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culture was strongly influenced by Teotihuacan. It was a 
multicentric, hierarchical society, with each center hav- 
ing majestic religious and ceremonial monuments. The 
major center in the Mayan classical period, Tikal, occu- 
pied an area of 60 km? (Jennings 1983) and had a popu- 
lation of tens of thousands of people. Outside the center, 
the population lived in small hamlets and was more dif- 
fuse. The classical Mayan period ended abruptly about 
A.D. 900 for unknown reasons. 

The abandonment and destruction of Teotihuacan 
started a competition between Mexican regional cen- 
ters, in which the Jo/ltecs, from the city of Tollan near 
Tula in the central Plateau north of Teotihuacan, even- 


6.6. DEVELOPMENT IN SOUTH AMERICA 


We have already discussed the difficulties associated 
with the very early dates of some South American sites. 
Clovis projectiles, indicating the Paleo-Indian Period, are 
found in most of South America as far south as Patag- 
onia; in the north, at El Jobo, they may even antedate 
those found in North America. The beginnings of agri- 
culture can be traced to a period between 9000 and 7000 
B.P,, mostly in the northern and central Andean region 
(fig. 6.6.1). There is no single, contained nuclear area, 
but a wide strip all along the northwestern coast that 
later radiated to other parts of the continent. By contrast, 
the tropical forest of the Amazon basin had a somewhat 
later, secondary, and less marked development, but hints 
of major novelties are already apparent. 

There is broad consensus that maize came to the north- 
ern Andes from Mexico, along with perhaps squash and 
beans, but a number of plants were certainly domesti- 
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Fig. 6.5.1 Meso-America from Form- 
ative Period to European contact 
(from O’Shea 1980). 


tually gained control and became the first militaristic 
state of Meso-America. Their influence lasted from a.p. 
900 to 1200 and extended as far as northern Yucatan, 
Where Chichén Itza (ended in a.p. 1224) became the 
most important center in the so called “Postclassic pe- 
riod” (A.D. 900-1520). Tula had been destroyed a little 
earlier. Power fell into the hands of the Aztecs, who 
came from the north to found a city at Tenochtitlan, 
where Mexico City is located. They were in power in 
1519 when Hernan Cortés conquered Mexico. A survey 
of the period and region with additional references can 
be found in chapter 58 of the Cambridge Encyclopedia 
of Archaeology. 


cated locally in the early period in a variety of differ- 
ent environments. The rich marine fauna remained an 
important source of food on the coast, but it was later 
supplemented with agricultural products, and irrigation 
was developed in arid coastal regions. From the dry 
highlands came tubers like potatoes, while from higher- 
altitude forests or the eastern side of the Andes other 
products emerged, including apparently manioc, which 
later spread to the Amazon basin. As already mentioned, 
animal domesticates played a lesser role than in the Old 
World; however, in the south-central Andes the domesti- 
cation of camelids provided an important contribution in 
terms of meat, wool, and animals of burden (for trans- 
portation). Around Lake Titicaca in southern Peru there 
were, at the time of conquest, some 500,000 camelids 
(llamas, alpacas). These animals had been food for high- 
land hunters since very early times. Their natural range 
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Fig. 6.6.1 Map of agricultural settlements in South 
America. The location of a modern tribe, the Yanomame, 
is also indicated (from Whitehouse and Whitehouse 1975; 
Barry 1980; Morris 1980). 


is above 3000 m and their domestication may have begun 
very early (8000 B.P; Bray 1980). 

Agriculture played only a secondary role compared 
with foraging until about 5000 B.p., but after this date 
larger settlements supported by agriculture began to ap- 
pear. Sites like Real Alto and San Pablo, on the Ecuador- 
ian coast, are large stable preceramic farming villages; 
for example, El Paraiso had a population of 3000-4000 
(Bray 1980). Pottery appeared around 5000 years ago 
at sites as diverse as Puerto Hormiga, near Cartagena, 
Colombia, and Valdivia, Ecuador. 

Irrigation was practiced early and its sophistication 
increased to remarkable levels. Terracing of the steep 
Andean slopes was quite common and greatly improved 
water control and productivity. Cotton (possibly a local 
domesticate) and the manufacture of textiles soon ac- 
quired considerable importance. Improvement in trade 
networks made it possible to redistribute a variety of 
materials at long distances, and socioeconomic advances 
allowed people to make excellent use of the variety of 
microenvironments present in this region. Through eth- 
nic and kin relations, in addition to trade, it became 
possible to develop the already mentioned pattern of a 
“vertical” economy whereby the same people had access 
to products made in very different environments, from 
the coast to the highest altiplanos. In the Andes with 
a day’s walk, it is possible to go from one to another 
of a number of different ecological niches. By wise al- 


liances or other social devices, an “archipelago” type 
of economy was created which gave people and small 
communities access to, or ownership of, pieces of land 
in a great variety of areas. 

Population density must have risen steadily in this 
period, and it is not too surprising that the Jnca empire, 
which at the time of conquest extended from south- 
ern Colombia to south-central Chile, may have been 
made up of 12 million people. Even if this estimate 
varies greatly according to sources, the area must have 
been very densely inhabited, perhaps as much as central 
Mexico. Complexity of society probably reached a new 
height about 3000 years ago, as shown by the high rate 
at which a new sophisticated art form, that of the Chavin 
culture (northern Peru), spread over a vast area, without 
any evidence of political or military occupations. The 
Moche site pictures of the north coast of Peru (200 
B.C.—A.D. 600) show perhaps the first hints of organized 
military activity. A major influence was exercised by the 
Tiahuanaco culture, located on the southern rim of Lake 
Titicaca (1000 B.c. to A.D. 1000). There was progressive 
development of ceremonial centers and true imperial sta- 
tus was acquired in the last phases. At the peak, the ur- 
ban population may have been 20,000—40,000 (Jennings 
1983). This culture certainly had an important impact 
on the central Andes, probably initiating or advancing 
economic innovations later adopted by the Incas. Af- 
ter the collapse of the Moche, the Huari culture under 
Tiahuanaco influence established, probably through mil- 
itary conquest (Morris 1980), an empire that lasted until 
A.D. 800. Other states (e.g., Chimu, capital Chan Chan; 
perhaps 25,000 people) existed at the time in the central 
Andes. The only great South American empire started 
developing after 1438 when, near Cuzco,the Inca won a 
battle against a nearby state. They adopted an extremely 
effective military policy and by building an extensive 
network of excellent roads (15,000 km) across very dif- 
ficult terrain, hundreds of road stations and state store- 
houses, and a well-trained army, they rapidly conquered 
an extensive territory. Called Tawantinsuyu (“Land of 
the Four Quarters’’) it was one of the greatest empires of 
the world. Inca was the name of the hereditary monarch. 
The nobility, the priests, and the bureaucrats formed 5%- 
10% of the population. The rest was a rural population 
on whom several types of taxes were levied, despite the 
lack of a currency. Of the agricultural products, roughly 
two parts of three went for the state and the nonproduc- 
ing part of the population, and the rest was distributed 
by the village chief among villagers. Textile products 
were made by the women for the state. Time in the army 
and labor for the state were required of the men under 
the “mit’a’ system, which was inherited and perfected 
from earlier states. It made possible very rapid military 
conquests and the monumental buildings dedicated to 
ceremonial and civil purposes for which the Incas are 
famous. Products taken by the state—food and textiles — 


were redistributed to the population according to rank, 
and individual welfare was assured by an efficient state 
organization. The “khipu,” a system of knotted strings 
of obscure origin, served the purposes of communication 
and accounting in lieu of writing. 

The enormous Inca empire lasted about a century; at 
the time of conquest, the empire spanned 36° of latitude 
from near the present Equador-Colombia border to south 
central Chile, including much of the Andean region of 
Bolivia. It was destroyed by 250 conquistadores led to 
Peru by Pizarro in A.D. 1537. The Spaniards were greatly 
helped by epidemic diseases like smallpox and measles 
that they involuntarily imported to Peru, and decimated 
and disorganized the Indian population. They also ably 
exploited civil unrest. 

The remarkable population density and degree of 
complexity and organization of the Andean states and 
empires were unmatched in the rest of South America, 
but a relatively dense population developed in the Ama- 
zon forests in spite of the difficulties met by farmers 
in much of this area. New crops were necessary for 
the wet soil and climate of the Amazon; the most suc- 
cessful of them was manioc. This plant exists in two 
varieties, sweet and bitter; the sweet variety was proba- 
bly domesticated first. The bitter type requires a special 
fermentation treatment for destroying a poisonous sub- 
stance that generates cyanide. Manioc cuttings can be 
easily planted, and propagation is extremely simple. 
It is especially suitable for tropical environments and 
provides roots rich in starch but poor in proteins, so it 
must be coupled with other food. Since manioc seeds 
are not used, it 1s difficult to trace it archaeologically; 
good clues are vats and special bowls employed to make 
chicha beer from it, or graters. Manioc may have been 
domesticated at an earlier date farther north, but the ear- 
liest well-dated find is from Yarinacocha on the upper 
Ucayali River in northern Peru (about 4000-3400 years 
ago). In the same area and time was also found the 
first pottery, probably derived from the Valdivia types. 
The Ucayali River is a tributary of the Amazon, and 
it has been suggested that there were close connections 
between Amazonia and the Andes during the Chavin 
culture. This would explain the Chavin paintings of 
tropical animals and plants that do not exist where this 
culture developed. The finding of pottery on the lower 
Amazon, and even at the mouth of the river (island of 
Marajo, Ananatuba culture, for location see fig. 6.6.1; 
date 980 B.c.) has suggested that cultural adaptations 
to the tropical environment, developed on the upper 
Ucayali River and other tributaries of the Amazon near 
the Andes, were spread downstream by colonists. There 
were also later migrations upstream, as in the case of the 
Omagua and Cocama tribes of the middle Amazon. At 
the time of European contact, the Omagua had villages 
of 300-3000 inhabitants, at short distances from each 
other, and the first visitors were impressed by the quality 
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of pottery. High densities were possible only in areas 
very favorable for agriculture (varzea), from which na- 
tives were soon evicted after conquest, if they were not 
killed by disease or slave raids (Barry 1980). 

Even today in the Orinoco and Amazon basin there 
exist tribes that have been relatively unchanged by 
European contact. Several of these—in particular, the 
Yanomame and the Makiritare—have been the subject 
of intensive biological investigations by Neel (1978, 
1980; Neel et al. 1977) and his group, including among 
many others, population geneticists P. Smouse, R. Spiel- 
man, and R. Ward, linguist E. Migliazza, and cultural 
anthropologist N. Chagnon. The bibliography is too 
extensive for a complete listing, which can be found 
elsewhere (Chagnon et al. 1970; Smouse 1982; Chagnon 
1983). The Yanomame are tropical gardeners who also 
rely on hunting-gathering activity. Like other hunter- 
gatherers they have a low number of births, because 
of long birth intervals. Despite their low fertility, they 
are at the moment in a period of demographic growth. 
Their present location is shown in figure 6.6.1. The 
history of Yanomame villages shows several fissions and 
fusions. Fissions reflect hostilities between groups and 
often take place along kinship lines. Although tenden- 
tially endogamous, there is migratory exchange between 
villages of the same tribe and, to a much lesser ex- 
tent, with other Indian tribes of the region. There were 
only two documented instances of exchange (Neel, pers. 
comm.): one was due to the capture of two Makiritare 
women (Chagnon et al. 1970) and the other was due to 
the absorption of a few surviving members of a tribe 
that had come upon hard times (Weitkamp and Chagnon 
1968). The genetic exchange between Yanomame vil- 
lages, in spite of the fusion-fission history, is sufficiently 
limited that there is considerable genetic heterogeneity 
between villages, as described in detail in the original pa- 
pers. In particular, the tendency to fissions following kin- 
ship relationships (lineal fission pattern) has the effect of 
reducing the effective population size of the village and 
therefore increases the effect of drift over that expected, 
assuming random fissions. Further strengthening of 
random genetic drift is due to the high polygamy of 
village chiefs. The Yanomame move frequently, often 
under pressure of hostile relationships within the tribe 
and with other tribes, and are currently drifting slowly 
southward. They occupied a part of the forest still suf- 
ficiently undeveloped at the time of the Neel study that 
they could keep to their traditional customs, a situation 
that is rapidly changing now. 

The findings in other populations in southern 
Venezuela or in northern and central Brazil are simi- 
lar to those of the Yanomame, but there are differences 
between tribes depending on their economy. Salzano 
and Callegari-Jacques (1988) have compared groups that 
they call stage-A tribes (hunters-gatherers with incipient 
agriculture, like the Yanomame, Trio, Cayapo, Xavante, 
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and others), and stage-B tribes (technologically more ad- 
vanced agriculturalists and fishermen like the Macushi, 
Wapishana, Ticuna, Makiritare, Caingang, and many 
others). Fertility (number of children in completed fami- 
lies) is a little lower, intertribal marriages rarer, and vari- 
ance of the number of children higher in stage A, but 
otherwise no major demographic differences were found. 
It is likely that the average size of villages is greater in 
stage B. 

Contemporary but fragmentary information from other 
forest people of the Amazon-Orinoco basin shows that 
most are settling under pressure from governments, but 
the traditional way of life has been maintained in a few 


6.7. PHYSICAL ANTHROPOLOGY 


Physical anthropologist C. S. Coon (1965) distin- 
guished between Eskimos and Aleuts, on the one side, 
and American Indians on the other. The first two be- 
long to the Siberian Mongoloids and came by a later 
migration; American Indians are stated to be Mongoloid 
in general and more uniform racially, “despite some of 
their peculiarities in blood groups” and are “more uni- 
form racially than any other group of people occupying 
an equally vast area, but they are Mongoloids of a par- 
ticular kind.” 

The origin of Mongoloids (see chap. 4) is believed to 
be either in northern China or north of it. According to 
Alexseev (1979), the maximum development of Mon- 
goloid features is found in central and southern Siberia, 
especially among: (1) the Tungus-Manchu people of 
central Siberia, Kamchatka, and the lower part of the 
Amur Valley; (2) Turko-Mongolic people of southern 
Siberia and the Yakuts (middle Lena River); (3) the 
Nivkhs (= Gilyak), a small group in the northern part 
of Sakhalin and the mainland opposite it; (4) northern 
Asians like the Nganasan (Taymyr peninsula), Dolgans 
(a small group south of the Taymyr peninsula), Yukaghir 
(a small group east of the Lena River), and western 
Chuckchis. These people have somewhat variable pig- 
mentation in skin and eyes, the lightest being the second 
group followed by the fourth and then the others. They 
all have extreme Mongoloid features, mostly reflected in 
the conformation of the skull and soft parts of the face, 
which include large cranial and facial dimensions, flat- 
tened face, nasal bones, and nasal bridge. It is difficult to 
give a “nuclear area,” especially because the geographic 
distribution of Siberians has changed considerably in the 
last three centuries. Although Eskimos and Aleuts have 
peculiarities of their own, they tend to follow the same 
general pattern. Like most Mongoloids (with the excep- 
tion of the Ainu), they have very little, if any, body and 
facial hair, but abundant and coarse dark hair with rare 
balding and late, if any, graying. Browridges are small, 
if any; the eyeballs are wide apart and smaller than in 


cases. Movements and admixtures are not uncommon; 
local economic development, especially mining, farm- 
ing, and road building, are causes of serious encroach- 
ment. Temporary occupation in gold-mining operations 
and in oil fields is very destructive to traditional Ama- 
zon societies and bodes ill for the future of these popu- 
lations. The extensive destruction of the forest following 
the opening of roads and modern agricultural and indus- 
trial plants create dangers that go well beyond the heavy 
damage to the local populations. 

Surveys relevant to this period and additional refer- 
ences can be found in chapters 59 and 60 of the Cam- 
bridge Encyclopedia of Archaeology. 


non-Mongoloids, placed forward in the orbits; the eye 
opening is narrowed to a slit by eyefolds, with the inner 
edge of the eye covered by the Mongolian or epican- 
thic eye fold in a percentage of individuals, which is 
especially high among Siberians. The lower margin of 
the orbit lies farther forward and the zygomatic bones 
protrude forward and laterally, generating the character- 
istic “high cheek-boned” appearance. The nasal bridge 
is usually low and flat, but there are also aquiline noses, 
with little, if any, intermediate forms. 

American Indians have less flat faces than Siberians 
and often prominent, sometimes convex noses. This is 
perhaps the main difference, but, as just mentioned, the 
American Indian type of nose is also found in Asia: 
Coon (1965) cited the Tibetans and the Nagans of As- 
sam. Pigmentation is usually darker among American 
Indians, but there is also variation among Siberians. 

The mean stature of American Indians (Johnston and 
Schell 1979) varies considerably, being highest at high 
latitudes (Canada and Patagonia) and lowest in the trop- 
ical forests (Guatemala, Brazil). This follows the usual 
pattern of climate adaptation. In South America, mean 
stature was mapped for 43 tribes (Salzano and Callegari- 
Jacques 1988) and there is a slight difference between the 
northwest and the central-southeast (157 cm vs. 161.3 
cm). 

Of special interest are the studies of dental character- 
istics by Turner (1987,1989). Most northern Mongoloids 
have shovel-shaped incisors, which are also found in fos- 
sil skulls as far back as Chinese Homo erectus. This and 
other cranial peculiarities have been a major reason for 
claiming independent speciation of Mongoloids (Coon 
1965; see also Wolpoff et al. 1984). The genetic ex- 
change at various times and places between local human 
types, even archaic, and immigrant H. sapiens sapiens 
is a possibility worth considering, but the picture of 
migrations from Asia to America developed by Turner, 
and based essentially on dental clues, is unrelated to 
this question. It is important, however, that on the basis 


of this evidence, it was stated that a strong difference 
exists between East Asians from northern China and 
the Southeast Asian type. For instance, northern Mon- 
goloids (“sinodonts” according to Turner) have 60%—- 
92% shoveling, as against 13%-—25% in southern Mon- 
goloids (“sundadonts”). Different percentages refer to 
different populations sampled. Japanese of the Jomon 
period (chap. 4) show the lowest percentages, and, to- 
gether with the Ainu, are classified by dental criteria 
among the southern Mongoloids, with Thailand, Malay- 
Java, and Polynesia. Two other traits showing major dif- 
ferences between northern and southern Mongoloids are 
the number of cusps and the number of roots on molars. 

Turner’s analysis is based on the premise that dental 
characteristics are highly inherited, stable in evolution, 
and not sensitive to evolutionary changes as a function of 
adaptation to different types of foods. These hypotheses 
require independent confirmation. Unquestionably, teeth 
have the advantage of being readable in fossil samples 
and perhaps also of offering greater detail than bones. 
Using dental microevolution, Turner calculated 14 kya as 
the date of the first crossing of the Bering land bridge by 
the Paleo-Indians. He also postulated that the Na-Dene 
migration was independent of that of Paleo-Indians and 
that it occurred 14-12 kya, just before the land bridge 
of Beringia was completely submerged. In addition, 
he hypothesized that the Na-Dene may have originated 


6.8. LINGUISTICS 


The nonlinguist who approaches the field of the clas- 
sification of American Indian languages can only be 
shocked by the segregation of linguists into two groups 
that hold almost diametrically opposed beliefs: one, 
more numerous, refuses to recognize unity in these 
languages and chooses to list a large number of essen- 
tially unrelated small families or isolated languages, the 
interrelationships among which are considered beyond 
recognition; the other much smaller group proposes three 
families, corresponding to the three major migrations 
that are also recognized by other criteria, namely, in time 
sequence, Amerind, Na-Dene, and Eskimo-Aleut. One 
cannot fail to see this as the most dramatic example of the 
usual division between “splitters” and “lumpers,” which 
has been observed repeatedly in almost every classifica- 
tion, be it of living organisms or inanimate objects. To 
increase the dismay, the group of splitters uses extremely 
strong language against the author of the unification of 
Amerind languages, Greenberg (1987) who has earned 
enormous respect from the whole linguistic community 
for all his other work. The diatribe has been the subject 
of articles of popular science (two rather extensive sum- 
maries by P. Ross in Scientific American and R. Wright 
in Atlantic appeared in April 1991). Another summary 
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from the late Diuktai culture (fig. 6.2.2), passed along 
the southern edge of Beringia to Kodiak Island and then 
to the Northwest coast of the Pacific. He also stated 
that the third migration, that of the Eskimo-Aleuts, ar- 
rived just before the bridge was severed, but after the 
Na-Dene. These conclusions agree well with other in- 
dependent sources of evidence (Greenberg et al. 1986) 
and, apart from dates, with our genetic analysis (sec. 6.9 
et seq.). 

As we have already briefly indicated in chapter 2, den- 
tal data on northern Asia, southeast Asia, and the Amer- 
icas are generally in excellent agreement with those from 
single genes. How much further back this agreement will 
go remains to be seen. The question of how much fur- 
ther back dental data can take us in human evolution is 
also a matter of conjecture. Apart from the unknown role 
of natural selection and of dietetic customs—believed to 
be negligible by Turner—and the unknown level of her- 
itability, an important consideration is the number of in- 
dependent genes that can be detected by this approach. 
This is also unknown; only when this number is really 
large are conclusions insensitive to the addition of fur- 
ther information. Statements based on dental analysis are 
very interesting, but it would be unwise to rely on them 
alone until more is known about the problems just men- 
tioned, especially if and when they disagree with other 
sources of evidence. 


of the dispute is in a Postscript to the 1991 edition of 
Ruhlen (1987). 

Ruhlen (1987 and references therein) summarizes the 
history of classification of Amerind languages, dividing 
it into three phases. The first was started by the famous 
anthropologist Alfred Kroeber (1876-1960), who, at the 
beginning of the century collaborated with R. Dixon to 
reduce the number of families of North American lan- 
guages by combining some previously recognized tax- 
onomic units. Edward Sapir carried this effort further, 
and in 1929 the number of North American families was 
six, two of which were Eskimo-Aleut and Na-Dene, the 
languages of the Pacific Northwest. This began a second 
phase, which can be called a “revolt,” and the dismem- 
berment of Sapir’s families; after a 1976 conference, the 
number of independent units of North American lan- 
guages was back to 63. The list of the results published 
in 1979 was stated to be “conservative and not very 
controversial” representing “current received opinion.” 
The third phase was opened by the linguist J. Green- 
berg, who made the claim that there exist only three 
families: Eskimo-Aleut, Na-Dene, and Amerind (1987). 
The Amerind family includes most North American lan- 
guages and all Central and South American languages, 
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for which there had previously been only limited anal- 
ysis. For South America, in particular, the information 
was a list of languages or language clusters rather than 
a true classification. 

The exact meaning of the word “family” (for which 
some prefer “phylum” or “stock’”’) need not concern us 
here; it usually refers to the highest “genetic” group- 
ing recognized. Linguists use the word genetic to mean 
“common descent” similar to “phylogenetic” for geneti- 
cists. Today, some linguists have started forming “super- 
families” from the conventional families, hence some of 
the families are no longer the highest genetic unit. 

Nonlinguists, like the authors of the present book, can- 
not make a contribution to a discussion based on linguis- 
tic arguments. From a general scientific point of view, 
the methodological analysis found in the recent book 
Language in the Americas by Greenberg (1987) is con- 
vincing. We accept Greenberg’s work as a very serious 
attempt at a comprehensive classification, which has al- 
ready achieved some important results by distinguishing 
the same three major groups found from totally inde- 
pendent sources. Even if this classification changes in 
the future, it supplies a starting point that is not pro- 
vided by the extremely fragmentary classifications sup- 
ported by other authors. As Greenberg’s book convinc- 
ingly shows, the difficulties encountered by the extreme 
splitters are methodological. They proceed by compar- 
ing two languages at a time, with an extremely detailed 
analysis that makes it impossible to test more than a 
small fraction of all possible pairs. Their conclusion 
is limited to the statement that the pair is either “re- 
lated” or “not related,” omitting an estimate of a de- 
gree of relationship, without which it is impossible to 
build a classification that goes beyond the recognition 
of scattered relationships. The decision on relatedness 
is based on extremely rigorous criteria, with which, ac- 
cording to Greenberg, it would be impossible to recog- 
nize even the unity of the Indo-European family, a step 
backward by universal consensus. One of these crite- 
ria is the belief that “sound correspondences” (rules of 
change of sounds established on the basis of historical 
examples) must be followed without exception. Green- 
berg uses a method of multilateral comparisons, in which 
many languages are compared for a number of words and 
other criteria selected for their evolutionary stability. We 
limit our treatment in the rest of this section to sum- 
marizing Greenberg’s classification, as given by Ruhlen 
(1987). 

We refer to the three families suggested by Greenberg, 
called phyla by Ruhlen, as families and to their subdivi- 
sions as subfamilies. The geographic distribution of the 
various subfamilies is shown in figures 6.8.1. A and B. 

The EskImMo-ALEuT family comprises 10 languages and 
85,000 speakers; Aleut is presently spoken by 700 peo- 
ple in the Aleutian islands. Three Eskimo languages are 
spoken by 600 inhabitants of the USSR. The Asian Eskimo 


languages belong to the Yupik subgroup, found primarily 
in southwestern Alaska. The Eskimo living on the Arc- 
tic coast of North America and Greenland speak three 
languages: Alaskan Inuit, Canadian Inuit and Greenland 
Inuit. These are often considered three segments of a di- 
alect chain stretching from northern Alaska to Greenland. 

The NaA-DENE family is spoken in northwestern North 
America and consists of two languages, Haida (300 
speakers of a total 2000 Haida, living on Queen Char- 
lotte and Vancouver islands) and Tlingit (2000 speakers 
of Tlingit, out of 10,000 living on the coast north of the 
Haida), as well as the Athabaskan subfamily made up 
of 30 languages. The Athabaskan languages are spoken 
by a northern group of some 70,000 speakers in eastern 
Alaska and all of western Canada, a few (mostly extinct) 
groups in California and Oregon, and a southern group 
of about 130,000 speakers, the Apache and Navajo. 

The AMERIND family contains 583 languages, spoken 
by 18 million speakers. They are subdivided by Green- 
berg (1987) as follows (see also Ruhlen [1987] and fig. 
6.8.1). 


I. Northern Amerind includes as subfamilies Almosan- 

Keresiouan, Penutian, and Hokan. 

A.1. Almosan consists of Kutenai (a single language), Al- 
gic (Algonquian and two isolated languages, Wiyot and 
Yurok) and Mosan (Wakashan, Salish, and Chimakuan); 
it covers most of Canada south of the zones occupied 
by Eskimos (the Arctic) and the Na-Dene (northwestern 
Canada and central Alaska). It also extends to the Mid- 
west south of the Great Lakes and to New England. 

A.2. Keresiouan includes Keres (essentially a single lan- 
guage) and the Siouan, [roquoian, and Caddoan fami- 
lies; it covers the rest of the Midwest almost to the At- 
lantic coast. 

B. Penutian is a northern group including much of Oregon 
and California, with outliers (Tsimshian) as far north as 
Canada; in southeastern North America, a Gulf group 
includes the Muskogean family and a few isolated lan- 
guages; in New Mexico, Zuni; a southern group is found 
in Mexico (Huava, Mixe-Zoque, Totonacan, and the 
Maya in Yucatan and Guatemala). 

C. Hokan is a northern group with small clusters in north- 
ern and southern California, Baja California, and parts 
of Arizona; a southern group in northeastern Mexico and 
Texas. 

II. Central Amerind includes three distinct subfamilies: 

Tanoan, Uto-Aztecan, and Oto-Manguean 

A. Tanoan includes Tewa (Arizona and New Mexico) and 
Kiowa (Oklahoma). 

B. Uto-Aztecan is in most of the Southwest, including the 
Hopi and Pima groups. 

C. Oto-Manguean is found in southern Mexico, especially 
the southwest; also includes the Zapotecan, Chinante- 
can, Mixtecan, and Mazatecan. 

II. Chibchan-Paezan includes the Chibchan and Paezan 
families 

A. Chibchan languages are found on the southwestern 
coast of Mexico and in almost all of Central America 
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Fig. 6.8.1 Geographic distribution of 
linguistic families and subfamilies in 
(A) North America and (B) South 
America (Ruhlen 1987). 
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undocumented 


south of the Yucatan; other clusters in Venezuela and the central Andes. The Inca empire, and perhaps also the 
Brazil include the Yanomame. Spanish influence, were responsible for the spread, which 
B. The Paezan languages formerly found in northern is therefore recent. There are also a large number of 
Florida (one language, now extinct), now survive only speakers in the southern Andes, including the Mapuche 
in South America along the coast of Colombia and (= Araucanians). Three small areas in the northern Andes 
Ecuador and farther down in the Chilean Andes; there also speak, or spoke, Andean languages. 
are also splinter groups in the Brazilian forest and on the V. Equatorial-Tucanoan includes the Equatorial and the 
northern coast of South America. Macro-Tucanoan subfamilies. 
IV. The 20 Andean languages, of the 583 Amerind lan- A. Macro-Tucanoan is found in nine geographic clus- 
guages, account for half of the Amerind population be- ters, mostly in western Brazil, with a few in eastern 


cause of the great diffusion of Quechua and Aymara in Brazil. 
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B. Equatorial has the greatest number (25%) of all 
Amerind languages and is widespread from west to 
east and from the Caribbean islands to Uruguay, in 
Venezuela, Colombia, Ecuador, Peru, and central and 
eastern Brazil. The large number of languages is due to 
the inclusion of two important subfamilies, Arawakan 
and Tupi-Guaran1. 

VI. Ge-Pano-Carib includes Macro-Ge, Macro-Panoan, and 
Macro-Carib. 

A. Macro-Ge was very widespread, but only a few lan- 
guages survive, mostly in southern Brazil, in the high- 
lands and farther south. The Kaingang language belongs 
to this group. 

B. Macro-Panoan once extended from Peru to Uruguay; 
many languages are now extinct. 


6.9. PHYLOGENETIC ANALYSIS OF AMERICA 


Both anthropological and linguistic evidence points to 
three major groups that may have represented distinct 
migrations, all from Northeast Asia. The Paleo-Indians 
were the first, though their date of entry is uncertain, be- 
tween 35 and 15 kya. There is greater consensus for later 
dates, but enough uncertainty that an earlier one must be 
entertained as a possibility. The northwestern American 
Indians, identified by the family of languages they speak 
as Na-Dene, were next, as indicated also by their remain- 
ing in a more northern area. The Eskimo-Aleut were the 
latest, and inhabit only the extreme northern region both 
in America and Asia. The presence of some Eskimos in 
Asia is believed to be a retrogression from the Americas 
to Asia, rather than an aboriginal Asian population. The 
date of entry of the last two groups is probably 15-10 
kya. 

The question of whether the three migrations can be 
distinguished on the basis of biological characteristics 
has recently received some tentative answers, all ba- 
sically positive. In addition to Turner’s (1987, 1989) 
dental analysis discussed in section 6.7, there is a study 
of Arctic populations by Szathmary (1981; see also 
1985), who used data from 14 genetic loci and found 
the Athapascan (Na-Dene) are more similar to Eskimos 
and Chukchi than to northern Algonquians (non-Na- 
Dene North American Indians). Williams et al. (1985) 
collected GM and KM data from the Apache and Navajo 
(southern Na-Dene), and the Pima, Papago, Hopi, and 
Walapai (non-Na-Dene from the North American South- 
west) and showed that these two groups differ geneti- 
cally. The difference, however, is not striking and con- 
clusions based on a single genetic system, even one as 
informative as GM, are unsatisfactory. In a more sys- 
tematic analysis based on data from a larger number of 
genes and populations, Zegura (Greenberg et al. 1986) 
tentatively recognized the three migrations, but acknowI- 


C. Macro-Carib languages were spoken in the northern re- 
gions of South America, mostly on the coast of Colom- 
bia, Venezuela, the Guianas, and northern Brazil, with 
outliers farther south. 


Geographically, Almosan and Keresiouan are found 
only in North America; Penutian, Hokan, and Cen- 
tral Amerind are found in North and Central America; 
Paezan, Chibchan, and Equatorial in Central and South 
America; and Andean, Macro-Tucanoan, Macro-Carib, 
Macro-Panoan, and Macro-Ge only in South America. 
An important point is that the geographic distribution of 
Amerind languages is extremely fragmentary, especially 
in South America. 


edged the existence of difficulties for drawing final 
conclusions. 

In our paper (Cavalli-Sforza et al. 1988), which sum- 
marizes some of the points made in chapter 2, all the 
Na-Dene were collected in one group and the rest of 
the American continent was divided into North, Cen- 
tral, and South America. The Central group was defined 
on a linguistic basis, taking the Central Amerind sub- 
family, which is actually partly in North America and 
does not include all people from Central America. In 
that analysis, Eskimos clustered with Chukchi and with 
Turkic-speaking populations of northern Asia, forming a 
small subcluster of the Northeast Asian cluster, while all 
American Natives including Na-Dene formed a separate, 
major subcluster of Northeast Asia. Na-Dene speakers, 
however, include two major groups, northern and south- 
ern. The southern Na-Dene are essentially the Apache 
and Navajo. Although the exact time of their migration 
from Canada is not known, it was probably late, and they 
are believed to have arrived in the Southwest around a.D. 
1200. Until recently, there was a splinter Apache group 
in Kansas. 

In the analysis of this section, the major criterion 
for grouping populations is linguistic. In view of the 
special linguistic interest, we also added Chukchi and 
Koriak in order to test possible similarities with Eski- 
mos. Within a few linguistic groups, in particular the 
Na-Dene, we use a further subdivision on the basis of 
geography. Because subfamilies are dispersed in widely 
different areas, it would be especially interesting to dis- 
tinguish subareas in other subfamilies; but unfortunately, 
even after the pooling of individual tribes into linguistic 
groups, there are not enough data to form as many geo- 
graphic subgroups as would be desirable. Eliminating 
groups because they take unexpected positions would 
of course be unacceptable. The procedure adopted was to 
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eliminate systematically groups or subgroups that had 
fewer markers. Here, as in other chapters, we have tried 
to limit gaps to not more than 50% in the data matrix. 
Populations for which there were clear signs of admix- 
ture with either Caucasoid or African people, accord- 
ing to the authors who collected the genetic data, were 
eliminated. We thought it useless to carry out a direct 
analysis of admixture considering that extreme drift in 
many American Native groups has generated exceptional 
gene-frequency variation. There is no assurance for any 
of the most informative markers, even some RH alleles, 
that they were truly absent in the original American Na- 
tives and can therefore be used for inferring admixture. 
We are reassured by the results of another study that 
the possible Caucasoid or African admixture of some 
data we used is not misleading: Salzano and Callegari- 
Jacques (1988) used 17 non-RH alleles potentially use- 
ful for evaluating the proportion of non-Indian genes 
and compared them with results using RH alleles, which 
might be better markers of admixture. There was a cor- 
relation, but it was doubtful whether the estimates of 
admixture could be considered quantitatively valid. Of 
58 tribes, only 5 had estimated admixtures of over 25%; 
11 between 10% and 25%. Trees from populations be- 
lieved to have less than 10% admixture gave results very 
similar to those obtained using the general set. As to 
our own data, we find there is a clear effect of admix- 
ture only in North America, as shown by synthetic maps 
(sec. 6.13). 

The groups for which the number of markers was 
considered adequate are listed below, together with the 
names of the major tribes that formed them. In almost 
every case, however, there were some other, less well- 
investigated tribes that are not named below but are listed 
in the tabulations; data from the tabulations were used 
to calculate the mean gene frequencies of each group. 
In this way it was possible to increase the representa- 
tiveness of the data, at least for those genes for which 
data are more abundant. Such genes, because they are 
represented in more groups, inevitably have a more im- 
portant influence on the final conclusions than genes 
more rarely investigated. Restricting the analysis exclu- 
sively to these genes, however, would have reduced its 
power. 

In the list below, the tribes that are named are those 
that have supplied the most important part of the in- 
formation, having been tested for more traits. We repeat 
here that, especially in the Americas, and not only in the 
southern part, there was enormous drift in many popu- 
lations, generating great variation from one population 
to another. This is clearly visible, for instance, in the 
geographic maps of principal components (Suarez et al. 
1985). The averaging over populations can help reduce 
the effects of drift of individual populations, as already 
explained in chapter 2. 
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Figure 6.8.1 shows the geographic distribution of the 
linguistic groups, and table 6.9.1 the Fsy genetic dis- 
tances among groups. The 23 tribes or groups that con- 
tributed most to the genetic data used in the analysis 
are listed below, with the three-letter symbol used in the 
table. 


I. Eskimo-ALEUT 
A. Eskimos: U.S.A. other than Inuit (EUS); U.S.A. Inuit 
(EIN); Canadian Inuit (ECA); Greenland Inuit (EGR) 
B. Aleuts (only U.S.A.; USSR Aleuts had too few markers 
and tended to associate with Asian populations) 
II. Na-DENE 
A. Northern Na-Dene (non-Athabascan): Haida, Tlingit 
(NDN) 
B. Canadian Na-Dene (Athabascan): Dogrib, Slave, 
Chipewyan (NDA) 
C. Southern Na-Dene (Athabascan): Apache, Navajo 
III. AMERIND (NDS) 
A. Northern Amerind 
1. Almosan (NAL): Blackfoot, Cree, Makah, Mon- 
tagnais, Micmac + Penobscots, Naskapi, Nootka, 
Ojibwa, Salish + Mukleshoot + Flathead + Quinault 
+ Okanagan 
2. Keresiouan (NKE): Caddoan (Caddo + Wichita + 
Pawnee), Cherokee 
3. North Penutian: Seminole (= Muskogee), Zuni 
4. South Penutian: Eastern Maya (Ixil, Kekchi, 
Cakchiquel, Kiche), Maya, Totonaca, Tzeltalan 
(Tzeltal + Toztil), Yucatecan 
Note that Penutian were tested jointly (PEN), and Hokan 
were eliminated because of strong admixture. 
B. Central Amerind (CAN): Chiapaneca, Choluteca, 
Nahua, Papago, Pima, Tarahumara, Zapoteca 
C. Chibchan-Paezan 
1. Chibchan (MCC): Guaymi, Ica, Misumalpan (Paya, 
Lenca, Miskito, Sumo), Rama, Talamanca (Cabecar, 
Bribri, Boruca, Teribe, San Blas), Tarascan, Tunebo, 
Yanomame 
2. Paez (MCS): Atacameno (= Kunza), Cayapa 
(Ecuador), Choco, Colorado, Noanama, Paez, Warao 
D. Andean (SAN): Alacaluf, Aymara, Mapuche, Ingano 
(Colombian Quechua), Quechua 
E. Equatorial-Tucanoan 
1. Equatorial (SEQ): Arawakan (Goajiro, Arawak, Pa- 
raujano), Baniwa, Bari, Campa (Maipuran), Chane, 
Chipaya, Emerillon, Guayaki, Jivaroan (Jivaro, 
Aguaruna, Yaruro, Cofan, Shuara), Maue, Oyampi, 
Pacas Novas (Chapacuna), Palikur, Parakana, Piaroa, 
Piro, Siriono, Wapishana, Zamucoan (Ayore, Imoro, 
Chamacoco) 
2. Macro-Tucanoan (SMT): Siona, Ticuna, others 
F. Ge-Pano-Carib 
1. Macro-Carib (SMC): Carib, Galibi, Macushi, Maki- 
ritare (= Yecuana), Panare, Pemon, Trio, Wayana, 
Yupa (= Northern Motilon) 
2. Macro-Panoan (SMP): Cashinahua, Choroti, Chulupi, 
Lengua, Mataco, Shipibo, Toba 
3. Macro-Ge (SMG): Caingang, Cayapo, Craho, Xa- 
vante 


Table 6.9.1. Genetic Distances (in the lower left triangle) and Their Standard Errors (in the upper right triangle) of American Tribes, Grouped Mostly Linguistically (all values x 10,000) 


PEN CAN CKC CKO CKR ECA EGR EIN EUS ESR MCC MCS NDA NDN NDS NAL NKE SAN SEQ SMC SMG SMP SMT 


110 = 171 50 104 139 40 37 38 98 128 £115 
1383 124 48 79 39 60 71 88 126 115 126 


PEN 0 76 181 280 
CAN 199 0 259 386 
CKC 896 968 0 170 


Note.— PEN, Penutian; CAN, North Central Amerind; CKC, Chukchi; CKO, Koryak; CKR, Reindeer; ECA, Canadian Eskimos; EGR, Greenland Eskimos; EIN, Inupik Eskimos;EUS, Yupik Eskimos; ESR, USSR 
Eskimos; MCC, Central Macro-Chibchan; MCS, South Macro-Chibchan; NDA, Canadian Na-Dene; NDN, North Na-Dene; NDS, South Na-Dene; NAL, Almosan; NKE, Keresiouan; SAN, Andean; SEQ, 
Equatorial; SMC, Macro-Carib; SMG, Macro-Ge; SMP, Macro-Parroan; SMT, Macro-Tucanoan. Triangles indicate more compact groups. Tribes included in the groups are listed in the text. 

* USSR Eskimos had too few markers and were not used in the tree of Figure 6.9.1; they tend to associate with Chukchi. 
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Fig. 6.9.1 Genetic tree of 23 
American tribes grouped according 
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The tree obtained on the linguistic groups formed clusions are in agreement with those reached by studying 


from subfamilies of North, Central and South America 
is given in figure 6.9.1 and the PC map in figure 6.9.2. 
Data include groups with an average number of 72.8 + 
6.8 genes. The PC map accounts for 52% of the original 
genetic variation. 

The genetic tree shows a very clear separation be- 
tween Eskimo-Aleut and Chukchi-Koryak (in northeast- 
ern Siberia, speaking non-American languages) on one 
side, and all American Indians other than Eskimos on 
the other. The Na-Dene separate into two groups, the 
most northern joining the Eskimo and Chukchi cluster 
and the southern ones the Amerind cluster. These con- 


the matrix of genetic distances. The average distance of 
southern Na-Dene to the two northern Na-Dene groups 
is 0.0426, and that between the two northern Na-Dene 
groups (Canadian and U.S.A.) is 0.0377 (difference not 
significant); but the northern and southern Na-Dene show 
average distances of 0.0693 and 0.0957 from the Eski- 
mos. Table 6.9.2 shows the distances between the north- 
ern Na-Dene and southern Na-Dene on the one side, and 
the four most typical Northern Amerind groups on the 
other. 

It is clear from the above distances that the Apache- 
Navajo, forming the southern Na-Dene, must have had 
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Fig. 6.9.2 Principal-component map of 
American tribes grouped by linguistic 
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Table 6.9.2. Genetic distances (x 10,000) among Northern or 
Southern Na-Dene and Other American Natives from Northern and 
Central America 


N. Na-Dene S. Na-Dene 
Almosan 609 217 
Keresiouan 712 319 
Northern Penutian 739 266 
North Central Amerindian 662 240 


considerable admixture with northern Amerinds. It is 
also possible that the northern Na-Dene have had some 
admixture with northern Amerinds, but the data are in- 
sufficient to show it. 

This observation can also explain why in our earlier 
world tree (chap. 2) a group made by averaging north- 
ern and southern Na-Dene tended to join the Amerinds, 
splitting from them, however, at an apparently very early 
time. We know that mixtures tend to attach to an aver- 
age linkage tree at a higher level than the actual time 
at which the mixture occurred. The attachment of Na- 
Dene to other Amerinds indicates that the component in 
the mixture due to the latter is, on the average, strong 
enough that it outweighs an original, unknown, compo- 
nent responsible for the difference between Amerind and 
Na-Dene. 

The five Eskimo groups are reasonably clustered in 
the tree, with Asiatic Eskimos showing greater similar- 
ity with their close geographic neighbors, the Chukchi, 
than with the American Eskimos. USSR Eskimos are 
a very small group and the separation sufficiently long 
that this result is not surprising. Furthermore, there are 
linguistic connections between the Chukchi and Eskimo 
languages, strengthening the case for a relatively recent 
common origin of the Eskimo and Chukchi. 

Bootstrapping shows that the separation of the two 
major clusters is clear-cut. 

Of 50 bootstraps, 19 show the identical first split of 
the tree of figure 6.9.1. This may seem a low proportion, 
but in the other 31 bootstraps, deviations from the tree 
of figure 6.9.1 are almost always minor. 

In 14 bootstraps, the main change is the addition to the 
Arctic group of the southern Na-Dene; given the strong 
similarity between the southern Na-Dene and the north- 
ern Na-Dene this is not surprising. In 6 of these 14 
bootstraps also, the Almosan follow the southern Na- 
Dene in joining the Arctic cluster. Because Almosan is 
the Amerind group geographically closest to the Eskimo 
and northern Na-Dene, the potential for admixture is not 
negligible. 

In 17 bootstraps, one or two populations leave the 
Arctic cluster; they are, 11 times of 17, the pair of 
northern Na-Dene and Canadian Na-Dene, which almost 
always stay together and join the southern Na-Dene in 
the Amerind cluster. In the other 6 cases, Chukchi or the 


Reindeer Chukchi, or, more rarely, the USSR Eskimos 
join the Amerind cluster. 

Even though the USSR Eskimos are today more sim- 
ilar genetically to the Chukchi than to the other Eski- 
mos, the old relationship is still visible in bootstraps. 
The similarities with Almosan seem modest, and the ad- 
mixture was probably not a major one, in harmony with 
the territorial and ecological segregation of Eskimos. 

The similarity of northern and southern Na-Dene and 
their other associations are also clearly visible in the finer 
details of the bootstrap behavior. The group formed by 
Haida, Tlingit, and a few Athabascans on the coast is 
fairly similar genetically to the Canadian Athabascan, 
and they almost never part. Southern Na-Dene show 
their affinity with the northern Na-Dene, but they have 
an even greater affinity with Almosan, which manifests 
itself in pairing with Almosan in 25 of 50 bootstraps, 
while they pair with one or the other or both north- 
ern Na-Dene in 13 of 50 bootstraps; they show almost 
no tendency to pair with any other single population. 
This indicates that the admixture of Navajo-Apache with 
Amerinds probably happened mostly in earlier times in 
Canada before the move south. 

The Amerind cluster has an internal subcluster of 
seven North, Central, and South American subfamilies. 
Two pairs of subfamilies, one central-southern and the 
other northern are next; Ge and Tucanoan are the out- 
liers. 

As mentioned more than once before, an outlier in 
a tree has several possible explanations. Assuming that 
evolutionary rates are constant, one can trust the tree 
structure to correspond to the order of separation of 
branches, and thus probably to the order of their mi- 
gration away from the place or places of origin. When 
an outlier is a very small population that developed in a 
highly isolated area, the assumption of constant evolu- 
tionary rates is difficult to accept, as one would expect 
it to show a long branch because of high drift. In this 
case it seems more likely that outliers did not separate 
particularly early, but being of small size had a very high 
evolutionary rate because of extreme drift. 

In order to avoid the consequences of extreme drift 
for individual small tribes, we have grouped them, in 
this case, according to linguistic subfamilies. If linguis- 
tic families are formed of groups with greater internal 
genetic similarity than randomly formed clusters, the 
pooling of tribes in linguistic groups can help reduce 
the effects of extreme drift. Although we did not know 
whether averaging by linguistic family would be truly 
useful, we attempted it nonetheless. We are currently 
not aware of better alternatives. 

If drift of individual tribes is very high, one may need 
to average many tribes to obtain a substantial reduc- 
tion of variation. This has not always been possible here 
because of a lack of adequate data. In fact, the two worst 
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outliers: Macro-Ge, and Macro-Tucanoan are made up 
of only four and two populations, respectively. More- 
over, the number of individuals in these tribes is small. 
The Ge are mostly represented by the Caingang (7000 
in Brazil), Cayapo (3700 in Brazil), and Xavante (3000 
in Brazil). The Tucano are represented by the Ticuna, 
who number 21,000 in Brazil, Peru, and Colombia com- 
bined. Each local population is likely to be a small 
fraction of the total for the tribe and to have little or 
no contact with other splinters of the tribe located in 
other, often distant, regions. These outliers are there- 
fore likely to be cases of very high drift. The next 
South American outlier, Macro-Panoan, is represented 
by seven tribes, with numbers of individuals compara- 
ble to those above; Central Chibchan-Paezan is repre- 
sented by 10 tribes. It seems that the greater the number 
of tribes, the less extreme is the position of the family in 
the tree. This supports the idea that drift is impor- 
tant in this case; further evidence that high drift is 
involved comes from geographic multivariate maps, 
and from other data to be given in later sections, 
which show extreme differences between geographic 
neighbors. 

A third possible explanation for outliers is an agglom- 
erative origin, with contributions from many groups be- 
longing to very different sources. In urban civilizations, 
this is often observed in capitals that have received immi- 
grants from widely different regions. They show, there- 
fore, affinity with many other regions without forming 
close pairs with any particular one. This explanation can 
be excluded in the present case for forest populations 
like the Ge and the Tucano, who live (at least today) 
at a low economic level in isolated areas. The safest 
general conclusion from the tree, as we discuss later, 
is that, although the major fissions of the tree are in 
good agreement with information from other sources, it 
seems difficult to reconstruct a reasonable genetic his- 
tory from it as far as the Amerinds of South America 
are concerned. We see in more detail in section 6.11 
that this conclusion is correct. This does not necessar- 
ily mean that grouping by linguistic families leads to 
wrong conclusions, but simply that it was not adequate to 
improve on a difficult situation. 

The PC map (fig. 6.9.2) is more useful, at least in 
showing the effect of geography: the first axis sepa- 
rates the Arctic populations at the right, puts all north- 
ern Amerinds in the center, and the central and southern 
Amerinds at the extreme left. It is thus in good agree- 
ment with basic geography. Arctic, northern Amerinds 
cluster neatly, whereas southern Amerinds show three 
major clusters: Tucanoan, Central Chibchan, Panoan; 
Carib, Equatorial, Andean; southern Penutian, southern 
Chibchan, and Ge. These results differ somewhat from 
those obtained with the tree, but they are based on two 
dimensions only. 
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At this point, we can ask the most important question, 
does the proposed three-migration theory agree with the 
results of genetic analysis? The answer is clearly pos- 
itive. The two major clusters of the tree, Arctic and 
Amerind, could certainly be interpreted as separate mi- 
grations, and the Arctic cluster does contain a secondary 
split into Na-Dene and Eskimo, the other two postulated 
migrations. Thus, the tree is compatible with the three- 
migrations theory of Greenberg et al. (1987), as is the PC 
map. The analysis may also support the idea that the two 
later migrations, Na-Dene and Eskimo, had a related ori- 
gin in Northeast Asia, in the sense of having come from 
a common ethnic group in that region. The separation 
of the Eskimo-Chukchi-northern Na-Dene cluster from 
the Amerind cluster is also visible in the first princi- 
pal component of the PC map. The separation of north- 
ern Na-Dene from Eskimos 1s also seen in the second 
component, though not as clearly. The Na-Dene and Es- 
kimo may have migrated independently to America, or 
they may have separated in Beringia, or even in Alaska: 
it is impossible to solve this problem with the present 
data. 

The question of dating these major migrations may 
be reconsidered again here. In our 1988 paper (Cavalli- 
Sforza et al. 1988), the divergence between all Amerinds 
and all northern Mongoloids is in slightly better agree- 
ment with the first date of entry proposed, about 35 
kya, than with the second. Using the constant cal- 
culated in table 2.5.1 we obtain here the date of 31 
kya. However, northern Mongoloids are a very di- 
verse population, which underwent considerable in- 
ternal movement in the last three centuries (Alexeev, 
pers. comm.). With mixtures and other complications, 
the divergence between the average Siberian and the 
average Amerind is likely to be greater than the di- 
vergence of Amerinds and their direct Asian ances- 
tors. It is also likely that some of the Siberian popu- 
lations that remained in Siberia were exposed to more 
severe environmental conditions and decreased in size, 
undergoing even greater drift. In any case, our attempts 
at identifying one Siberian group closer to Amerinds 
have not been successful. On the basis of relatively few 
markers (6 loci), Spitsyn (1985) found that among all 
Siberian peoples, the Tungus, Even, and Yakut located in 
the northern part of central Siberia are genetically clos- 
est to the Athabaskan. The Asian ancestors of Amerinds 
may have come from a relatively small region, and their 
Asian descendants may now be diluted by admixture 
with other less closely related ones, to the point that 
they are no longer easily recognizable. It is also possi- 
ble that the majority of the Asian ancestry of the Amer- 
ican pioneers has effectively left Asia, as happened, for 
instance, for Eskimos. All these considerations, and the 
expectation of high drift in regions of very low density 
like Siberia, would tend to increase the distance between 
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Siberians and Americans and thus lead to an overesti- 
mate of the time of passage. One may also consider that 
these are dates of separation, presumably on the Asian 
mainland, and the date of passage may be later. There 
are several causes of uncertainty and a dating based on 
the divergence of Amerind from northern Mongoloids 
cannot yet be given complete confidence, but we are 
clearly within the range suggested by archaeology. 
From the tree in figure 6.9.1, the genetic separa- 
tion between Na-Dene and Eskimo is a little more than 
halfway between the separation of the Arctic group and 
the Amerind group. If the first is taken as representing 
the separation between Amerinds and Northeast Asians, 


for which we have a not completely convincing estimate 
(31 kya) discussed above, then the date of separation 
between Na-Dene and Eskimo, probably still in Asia, is 
about 18 kya. Note that this is not necessarily a date of 
entry to America of one, the other, or both; separation 
may precede entry, which may be later but perhaps not 
by a large amount. 

The tribes were grouped in this section according to 
a linguistic criterion, modified to some extent by a geo- 
graphic one. In the next section we consider the tribes 
that are better known genetically, independent of the lin- 
guistic grouping used in this section, for North and South 
America. 


6.10. PHYLOGENETIC ANALYSIS OF INDIVIDUAL TRIBES 


The tribes tested for the greatest number of genes in 
our data files are here individually analyzed. Consider- 
ing first North and Central America, we have the genetic 
tree in figure 6.10.1, based on a sample of 17 popula- 
tions with an average number of 62.7 + 5.8 markers. 
Table 6.10.1 shows the Fsr genetic distances. Cree and 
Naskapi, which are very similar linguistically (Voegelin 
and Voegelin 1977), were pooled; even after pooling, 
they remain the group with fewest genes. 

The Arctic cluster has the same structure as before, 
with northern Na-Dene (Athabascan and Dogrib) con- 
nected to Eskimo, but separating from them in the first 
split, USSR Eskimos are the most peripheral of the Es- 
kimo cluster. 

In figure 6.10.2 the same genetic data are presented 
as a PC map which accounts for 59% of the original 
genetic variation. The clusters indicated are linguistic 
groups and are discussed further in the next section. 

The analysis was repeated for 30 populations from 
South and Central America, including Central Ameri- 
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can linguistic groups because of the extensive linguistic 
similarities between some of them. The results of the 
analysis are shown in figure 6.10.3; distances are given 
in table 6.10.2. The average number of markers was 
61.4 23.7. 

Difficult problems arise in the interpretation of this 
tree. The PC map from the same data (not given) does 
not bring any clarification. No simple geographic or 
linguistic correlation is found at first sight, a fact to be 
discussed further. The amount of genetic drift that has 
been going on for 10 ky has not abated even today, 
given that population densities in most of the area are 
still very small and may even have become smaller in 
some cases. There has clearly been an extensive geo- 
graphic movement of tribes, as shown by, among other 
things, the fragmentation of the linguistic map, and also 
by modern ethnological observations. There also must 
have been in the past, and there certainly is at present, 
a complex network of genetic exchanges within and 
between tribes, which has been studied in detail only for 
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Fig. 6.10.1 Genetic tree of 17 single tribes 
or geographic groups of tribes from North 
and Central America. 


Table 6.10.1. Genetic distances (in the lower left triangle) and their standard errors (in the upper right triangle) among North American tribes or small groups of them (all values x 10,000). 
Triangles indicate relatively homogeneous groups. 


ECA EGR EIN EUS ESR ANN ANP AP| MSG NCD NAT NNA ACN AOU KCH PZU PME 
ECA 303 142 139 333 180 111 246 99 140 235 193 322 
EGR 305 315 210 309 308 175 324 291 289 347 236 334 
EIN 420 356 287 544 145 318 288 255 352 371 403 419 
EUS 257 227 Oat 361 147 129 155 220 175 255 245 327 
ESR 198 247 178 414 302 212 258 201 178 301 213 233 
ANN 873 994 1285 675 875 0 40 38 266 334 200 79 148 146 62 47 142 
ANP 951 1304 1509 1105 1289 174 0 32 216 211 232 66 80 142 118 55 94 
API 814 953 1228 908 865 160 104 0 184 178 192 59 92 106 67 46 145 
MSG 1882 1710 2615 2013. +=: 1952 714 793 705 0 578 591 300 381 375 317 111 179 
NCD 775 1113 734 913. 1298 1399 1445 1065 3153 0 66 174 202 308 396 307 131 
NAT 754 746 952 676 889 866 810 791 2687 95 297 322 460 324 189 
NNA 872 1253 1072 650 817 297 366 295 = 1123 0 55 115 100 123 82 
ACN 535 1133 1117 939 930 406 331 340 1191 866 913 56 100 233 130 
AOJ 619 991 1269 717 755 731 611 509 1277 1299 1236 0 122 221 162 
KCH 1177 1168 1726 959 1277 170 266 314 565 2339 1489 540 374 496 0 101 180 
PZU 1097 1088 1523 1251 1503 234 210 160 594 1682 1514 441 715 848 | a 0 63 
PME 1288 1342 1725 1037 848 278 347 317 611 1434 857 384 428 567 | 360-—_ 0 


Note.— ECA, EGR, EIN, EUS, ESR, Eskimos (see table 6.9.1); ANN, Nahua; ANP, Papago; API, Pima; MSG, Guaymi; NCD, Dogrib; NAT, Athabascan; NNA, Navajo; ACN, Cree, Naskapi, Montaguais; 
AOJ, Ojibua; KCH, Cherokee; PZU, Zuni; PME, Eastern Maya. 
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CREE NASKAP 
MONTAGN 


2nd Principal Coordinate 


GUAYMI 


GREENLAND ESKIMO 


1st Principal Coordinate 


two tribes (Yanomame, Makiritare). These investiga- 
tions are the only ones from which a model can be 
derived. One wonders how much one can generalize 
the conclusions reached for these examples, but it 1s 
encouraging to have excellent data even for only a few 
populations, which have not been seriously affected by 
contact with latecomers, or at least have shown little if 
any tendency to acculturation. The Yanomame may have 
originated at a considerable distance from their present 
location in the upper Orinoco (see fig. 6.6.1), prob- 
ably in Panama (on the basis of linguistic considera- 
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Fig. 6.10.2 Principal-component map of 
Northern and Central Amerind tribes or 
geographic groups. The clusters refer to 
linguistic groupings: |, Eskimo; 2, Northern 
Na-Dene; 3, Southern Na-Dene; 4, Almosan; 


5, Central Amerind; 6, Penutian; 7, Keresiouan; 
8, Chibchan. 


tions). They are still moving and expanding (Chagnon 
1983). The story that emerges from the Yanomame or 
Makiritare is one of many scenarios which must ex- 
ist in South America. It certainly should not be ex- 
tended to regions with a long history of formation of 
towns or cities or even villages having a totally dif- 
ferent demographic and mating structure. Rather, the 
Yanomame are a model for populations living as prim- 
itive horticulturists in the American tropical forest, 
which is a significant fraction of Central and South 
America. 
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Fig. 6.10.3 Tree based on genetic 
distances of 30 South and Central 
or near-Central American Indian 
tribes. 


Table 6.10.2. Genetic Distances (in the lower left triangle of the matrix) and Their Standard Errors (in the upper right triangle of the matrix) among Central and South American Tribes 
(all values x 10,000) 


ANN ANP AP! MCA MWR MCY MSG PZU PME AAM AAY AMA AQU EAR EBR EEM  EJI EMA EOY EPN EPR EP! MMA MMK MTR MWA MYU MGC MGX MITT 


ANN 0 42 36 148 220 8217 278 43 161 218 177 247 90 49 178 272 79 125 146 307 328 121 38 142 228 59 115 90 126 154 
ANP 174 0 31 207 319 178 196 49 98 323 204 200 74 123 218 276 239 «3=212 129 547 207 292 198 192 135 95 178 148 143 223 
API 160 104 0 174 297 +8169 180 56 154 343 213 193 79 132 127 267 130 154 89 482 320 79 211 186 197 110 138 179 141 178 
MCA 478 686 440 0 244 429 428 186 210 368 47 184 69 195 327 328 73 124 220 229 341 68 228 195 224 132 298 226 109 237 
MWR 686 1168 1033 1102 0 378 657 250 316 438 146 436 211 228 236 245 333 539 263 538 636 415 259 241 397 239 318 195 458 408 
MCY 889 921 701 1436 1368 0 236 121 204 728 267 252 227 343 274 254 194 181 198 463 496 380 175 325 279 292 260 348 732 239 
MSG 714 793 705 1341 1529 786 0 110 189 669 192 185 201 333 391 372 180 199 157 267 773 344 142 335 287 302 548 340 484 309 
PZU 234 210 160 558 1090 584 594 0 60 328 155 154 54 136 173 255 157 115 108 407 228 223 161 182 108 111 208 184 307 146 
PME 278 347 317 565 1093 846 611 260 0 203 267 133 46 71 194 258 27 129 113 247 246 73 90 101 81 137 173 188 72 167 
AAM 896 1396 1404 1212 1947 2807 2068 1180 822 0 343 263 390 480 491 447 195 403 553 168 471 265 334 673 192 166 321 380 289 373 
AAY 414 598 499 190 578 910 844 469 716 1153 0 165 140 139 253 261 175 183 205 422 396 229 170 175 261 133 246 190 443 182 
AMA 604 726 610 642 1422 1160 717 551 486 446 632 0 147 500 457 370 123 155 282 374 423 118 141 224 342 405 458 504 151 225 
AQU 326 303 268 403 1045 941 776 208 150 940 462 466 0 112 195 280 71 128 104 358 255 63 135 146 102 97 156 150 141 219 
EAR 168 480 548 895 531 854 621 596 375 1299 613 1399 585 0 152 227 149 228 115 267 507 228 92 216 111 109 224 89 166 353 
EBR 545 639 477 1041 1170 £714 809 564 697 1874 962 1381 855 392 0 358 162 155 235 304 671 251 157 222 373 316 148 285 221 260 
EEM 834 1281 1185 1515 835 1361 1280 1146 1113 2049 1267 1713 1240 732 1292 0 434 376 308 447 540 538 258 $204 262 230 333 202 271 337 
EJl 244 ~32@2650 329 265 1129 910 613 525 102 674 525 458 206 480 533 1240 0 137 110 103 275 71 82 56 172 160 198 141 490 149 
EMA 329 652 593 430 1763 912 970 452 446 873 700 662 533 879 739 1401 429 0 207 244 290 148 128 165 135 217 170 343 318 80 
EOY 566 695 578 1077 807 993 521 604 554 1953 1061 1227 552 416 963 854 468 895 0 299 396 227 109 183 140 114 225 68 113 406 
EPN 516 1386 1284 1013 1722 1649 1408 1388 778 553 1405 1064 1059 814 1318 1735 643 1065 1257 0 525 164 238 195 265 193 161 154 558 427 
EPR 1188 1146 1496 1554 2644 2094 2731 1315 980 1689 1783 2169 1359 1638 2227 2311 1550 1123 1848 2619 0 343 230 295 159 398 408 524 353 327 
EPI 760 854 433 342 1887 1580 1195 710 8=©351 698 682 616 239 1112 1082 1738 216 667 845 642 1881 0 118 138 198 185 347 176 267 178 
MMA 82 635 394 652 995 490 597 537 147 1008 625 445 356 447 423 1047 294 417 497 888 1263 659 0 77 163 140 150 192 471 74 
MMK 535 726 708 856 1110 1222 960 854 459 2072 922 1024 522 §32 1326 1045 317 876 549 623 1665 469 363 0 98 105 236 102 536 304 
MTR 455 682 #667 760 8 1241 990 1010 500 249 782 802 1045 423 431 1004 1187 486 565 718 1028 653 872 470 602 0 120 275 230 419 226 
MWA 203- 458 505 650 768 1359 1026 546 432 415 547 1196 385 328 920 781 505 909 353 823 1329 753 712 497 296 0 196 111 443 337 
MYU 489 767 697 1166 1040 850 968 713 = 558 707 933 1115 782 348 455 1111 526 776 925 731 1643 1009 598 1267 798 624 0 133 222 266 
MGC 293 884 872 915 812 1328 1128 991 621 709 827 1534 749 326 842 687 486 1152 352 738 2105 860 788 555 727 =—s_ 271 437 0 359 478 
MGX 294 501 557 682 1281 1825 928 860 267 668 1027 745 494 507 712 915 664 841 287 1496 1541 750 1092 1056 1144 913 655 705 0 552 
MTT 574 824 718 953 2051 1060 1251 695 825 1321 907 925 820 1052 807 1682 397 240 1572 1267 1487 727 300 1267 835 1058 1043 1371 1311 0 


Note.— ANN, Nahua; ANP, Papago; API, Pima; MCA, Atacamieno; MWR, Warao; MCY, Yanomame; MSG, Guaymi; PZU, Zuni; PME, Eastern Maya; AAM, Araucano; AAY, Aymara; AMA, Mapuche;AQU, Quechua; EAR 
Arawakan; EBR, Bari; EEM, Emerillon; EJl, Jivaroan; EMA, Mane; EOY, Oyampi; EPN, Pacos Novas; EPR, Parakana; EPI, Piaroa; MMA, Macushi; MMK, Makiritare; MTR, Tria; MWA, Wajana;MYU, Yupa; MGC, 


Cairiguap; MGX, Xavante; MTT, Ticuna. 
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The history of fissions and fusions for the last few 
generations of the Makiritare (see fig. 6.10.4) shows a 
structure of very small groups, on the order of 100 indi- 
viduals each, which split and reunite, to some extent ac- 
cording to kinship lines. Kinship groups, however, are 
not necessarily stable entities when viewed over sev- 
eral generations, and the whole picture is one of incom- 
plete randomness of splits and fusions that is not easy 
to model quantitatively. The genetic variation between 
villages is about twice what would be expected (Wag- 
ener 1973) on the basis of the observed proportions of 
migration, assuming that migrants are a random sample 
of the population. Thus, drift is higher than expected 
from the observed migration and population size, prob- 
ably because splits and perhaps reunions tend to follow 
kinship lines and are therefore not random (Smouse et al. 
1981; Smouse 1982), as in regular models of population 
structure. 

Another source of amplification of drift effects is 
strong differential fertility, especially of head men (Neel 
and Weiss 1975; Neel 1980). The Makiritare are largely 
endogamous within the village, and even more within 
the tribe, but give and receive nontrivial genetic con- 
tributions to and from neighboring tribes, usually of 
different linguistic groups since several tribes moved 
a long distance from their origin. One cannot exclude 
the possibility that immigrants from other tribes have 
closer kinship ties with the tribe, decreasing the out- 
breeding effect caused by mating with members of other 


tribes. Considering the frequency with which women are 
raided from other tribes, a certain amount of random 
or nearly random outbreeding with neighbors must also 
occur. 

There is only limited information on other intertribal 
migration. According to a summary of information by 
Salzano and Callegari-Jacques (1988), genetic exchange 
is considerable, and it is higher for tribes at a more ad- 
vanced economic level. Their tabulation does not dis- 
tinguish between genetic exchange with neighbors and 
with different tribes. In unpublished data collected with 
H. Groot and A. Espinel in Colombia, genetic exchanges 
between different tribes on the upper Orinoco became 
very high at the end of a long period of intertribal hos- 
tilities; in a small area investigated near Puerto Inirida, it 
was difficult to find marriages where there had not been 
recent admixture between different tribes. The memory 
of genetic exchanges in older generations is frequently 
lost, and such findings make one suspicious about the 
real isolation of many South American tribes, at least to- 
day. Yet, there is enough genetic variation between South 
American tribes that some degree of isolation must have 
been maintained in many instances for a long time (Neel 
and Ward 1970). Our capacity to understand the genetic 
structure of southern Amerindian tribes can only benefit 
greatly by an extension of studies like those already cited 
by the Neel group, before they are made totally impos- 
sible by the disruption and disappearance of traditional 
customs. 


ip See etn Sa rn + eee 5 Oe La ee. | 


—— a ee ee ee eee _ 


AMERICA 331 


6.11. COMPARISON OF GENETICS WITH LINGUISTICS AND GEOGRAPHY 


In section 6.9 we have seen that genetic analysis fully 
confirms the division of American natives into three ma- 
jor clusters, Amerinds, Na-Dene, and Eskimos, which 
are also clearly distinct linguistically. The hypothesis 
that they correspond to three major migrations, all from 
Siberia via the Bering region, is in agreement with cur- 
rent archaeological knowledge, despite present uncer- 
tainties on dates. The general picture seems reasonably 
well established and further analysis given in section 
6.10 has clarified possible doubts arising from the am- 
biguous position of the southern Na-Dene. Their geo- 
graphic position and the peculiar genetic relationships 
with other Na-Dene and with Amerinds are best ex- 
plained by admixtures with the latter that must have ac- 
companied their southern migration. When we come to 
consider Amerinds, we find greater difficulties in fully 
reconciling genetic data with information provided by 
other approaches. In part, this is caused by the poverty 
of information. At this point however, we must summa- 
rize two previous investigations that show without doubt 
that Amerinds, too, provide good evidence of a strong 
correlation between genetics and language. 

The first is an extensive analysis of the relations 
between the genetic, linguistic, and cultural similar- 
ities of 53 North American Indian tribes carried out 
by Spuhler (1979). The analysis used a subset of 13 
gene frequencies from ABO, MN, RH; Diego blood 
group was tested only for a subset. Of seven linguistic 
groups: Arctic-Siberian, Na-Dene, Macro-Algonquian, 
Macro-Siouan, Hokan, Penutian, and Aztec-Tanoan, 34 
(64.2%) of 53 tribes tested were classified correctly 
using gene frequencies. This indicates a substantial 
agreement between linguistic and genetic data, but also 
a number of discrepancies. Most misclassifications in 
the Spuhler sample are found among Na-Dene, Macro- 
Algonquian and Macro-Siouan, and in the Hokan group. 
In Spuhler’s analysis by culture areas (Arctic, Sub- 
arctic, Northwest Coast, Plateau, California, Plains, 
Southwest, Northeast, Southeast) 31 of 53 tribes were 
correctly classified, or 58.5%. Considering that more 
groups were tested in the latter case, the two approaches 
gave approximately equivalent results. In conclusion, 
there is substantial, even if imperfect, agreement be- 
tween genetic and linguistic or cultural classifications. 
Some of the discrepancies, especially that of northern 
and southern Na-Dene are of interest; note, however, 
that Apache and Navajo are not misclassified in Spuh- 
ler’s analysis. The statistical approach used by Spuhler 
(stepwise discriminant analysis) is different from the 
usual one of calculating correlations between genetic 
and linguistic (sometimes also with geographic) dis- 
tances. Moreover, we use more genes and fewer tribes. 


In figure 6.10.2, tribes belonging to the same linguistic 
group are circled. There clearly is a reasonable, though 
not perfect, agreement between a linguistic and a genetic 
classification. The small numbers do not permit a com- 
pletely satisfactory assessment of the correlation. The in- 
complete agreement indicates that the estimates of ge- 
netic and linguistic similarities may need improvement. 
It may also result from frequent language or genetic re- 
placements. In fact, these explanations are not mutually 
exclusive, and to some extent, all may have contributed to 
reduce the correlation without completely destroying it. 

Using other more conventional approaches, Spuhler 
(1972) found no evidence of correlation between genetic 
and linguistic distance. This negative result may be 
more of an indictment of the method than of the general 
correlation between linguistics and genetics. A linear 
correlation can easily be destroyed by some outliers. 
The expectation of linearity may be naive when there is 
a complex fission and fusion pattern; simulations may be 
appropriate for a comparison of the different methodolo- 
gies. However, Spuhler (1972) reanalyzed the same data 
by an analysis of variance, which escapes the strictures 
of linear-correlation analysis, and found that the variance 
of genetic distances among linguistic stocks is signifi- 
cantly higher than that within linguistic stocks. This is in 
line with his result by discriminant analysis. It is worth 
adding that Spuhler found a moderate but significant 
correlation between genetic and geographic distances 
and none between linguistic and geographic distances. 

Apart from Spuhler’s studies of the genetic-linguistic 
correlation on the North American continent, there have 
been many investigations of limited regions or groups of 
Central and South America. An early one by Spielman 
et al. (1974) compared the linguistic distances among 
seven Yanomami dialects and genetic distances among 
the people occupying the corresponding geographic ar- 
eas. The matrices of genetic distance, distance calculated 
from lexical data, and from grammatical data showed in 
all three cases a significant congruence. 

Chakraborty et al. (1976) found no linear correla- 
tion between genetic distances and linguistic distances 
in seven Chilean “highland” Andean populations. Lin- 
guistic distances were calculated on a scale based on an 
early classification by Greenberg. The scale of linguistic 
distance used may be responsible for the failure. 

The same measurement of linguistic distance was used 
by Murillo et al. (1975) to compare linguistic and ge- 
netic distances of the Chipaya of Bolivia to nine South 
American Indian tribes. They found no correlation. 

Salzano et al. (1977) investigated the intra- and inter- 
tribal genetic variation within the Ge-speaking Xavante, 
Kraho, and Cayapo of Brazil. They conclude that the 
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average intertribal genetic distance within this linguistic 
group is about 63% as great as that between tribes speak- 
ing more differentiated languages. They found, however, 
a weak linear correlation (r = 0.27) between genetic dis- 
tances and cognate percentages in a list of 100 words. 

A very thorough and detailed study has been published 
recently by Barrantes et al. (1990) on the Chibchan- 
speaking groups of Costa Rica and Panama. Ten such 
populations were analyzed for 48 genetic loci. The 
genetic distances between pairs of populations were 
correlated to the linguistic distances based on cognate 
percentages. The observed correlation (r = 0.74) is high 
and highly significant, higher than that observed for ge- 
netic and geographic distances (r = 0.49, not signifi- 
cantly different from zero) and for geography and lin- 
guistics (r = 0.52, significant at P = 0.05). 

When we look at figure 6.10.3, we are unable to find 
a simple interpretation linking genetics and linguistics in 
the whole of Central and South America. A similar fail- 
ure is experienced in the related tree given for South 
America in Salzano and Callegari-Jacques (1988). It 
seems likely that, in these circumstance, a tree is highly 
inappropriate for detecting the correlation of interest, but 
it is also possible that the data are inadequate. 

Even the usually strong relation between genetic and 
geographic distance is blurred in South America. The cor- 
relation calculated between the two distances is 0.191 + 
0.048 (standard error calculated by bootstrap). It is pos- 
itive but low, and confirms the results obtained by plot- 
ting the genetic distance between population pairs against 
their geographic distance (sec. 2.9). Linguistic distance 
between families showed a negative correlation with ge- 
netic distance (—0.139 + 0.051) and with geographic 
distance (—0.212 + 0.051). These results (Minch and 
Cavalli-Sforza, unpubl.) will need further investigations. 

There are many reasons why the correlation of linguis- 
tics with genetics and also with geography is especially 
difficult to study in South America. Part of the problem 
is tied to the major territorial, economic, and political 
changes that have taken and are taking place in South 
America, causing an epidemic of language extinctions 
that must have been especially dramatic in the last cen- 
tury and earlier. For instance, in Ruhlen’s (1987) list, 71 
languages of the 117 (61%) that form the Ge-Pano-Carib 
subfamily are extinct. Similar high percentages apply to 
many other subfamilies of South and Central America: 
Equatorial 67/145 (45%), Tucanoan 12/47 (26%), An- 
dean 12/18 (67%), Chibchan 25/43 (58%). 

Languages often become extinct when population 
numbers become too small, or when there is govern- 
ment pressure to expand those of another language, but 
this does not mean that the people also disappear. In 
fact, it seems reasonable to assume that in the modern 
situation, with the continuous shrinking of groups, an 
increasingly larger proportion of people stop speaking 
the traditional language and replace it, either with lan- 


guages imported by the colonial powers or with more 
widely spoken, traditional languages from other groups. 
This would certainly contribute to the destruction of the 
correlation of languages and genes. There may be other 
important reasons that deserve more research. 

One should remember that, as we have already dis- 
cussed (sec. 2.9), American Natives show an extremely 
high geographic mobility, as measured by the relation- 
ship between genetic distance and geographic distance. 
Mobility is also detected by studying the distribution of 
language groups, which is extremely fragmented, with 
subfamilies forming very complex, interpenetrating pat- 
terns. This might be enough to destroy linear correla- 
tions between geographic and linguistic distances, and 
between genetic and linguistic distances. The ecologi- 
cal situation also contributes to this result: the Andean 
chain forms the backbone of the continent and is very 
different from the east. It runs from the extreme north to 
the extreme south and is relatively similar ecologically 
in spite of the great variation in latitude. It is occupied 
by people who are also relatively homogeneous geneti- 
cally, as well as linguistically; only two major subfami- 
lies of the nine spoken in the whole subcontinent occur 
in the Andean chain today. By contrast, the flatter, east- 
ern part is more heterogeneous genetically and linguis- 
tically. Linear correlations are especially unsuitable for 
measuring the association among geographic, genetic, 
and linguistic distances in this case. Detailed studies 
of single linguistic groups that have not undergone 
too many disruptions and extinctions—for example, the 
Chibchan (Barrantes et al. 1990)—are best suited for 
showing the correlation between genetic and linguistic 
variation. Studies of other groups, that have not been ex- 
cessively impoverished by extinctions may also be useful. 

The studies of correlation between genetics and lin- 
guistics in America can give only a very partial answer to 
the general problem. Of the seven studies we have listed, 
only one that used linear correlation gave satisfactory 
results. One can see many reasons why this can happen 
even if there is a general congruence between the two 
phenomena. Other methods have given positive results 
when linear correlation failed. Moreover, even if this is 
generally overlooked, significant testing of linear correla- 
tions between distances calculated between pairs of pop- 
ulations is unsatisfactory because there is usually an in- 
ternal correlation between the pairs. This does not apply 
to the sample by Murillo et al. (1977) in which the pairs 
of populations are independent. For further comments see 
Cavalli-Sforza et al. 1992. 

In summary, three of seven studies favor the hypoth- 
esis of congruence between genetics and linguistics but 
for methodological, theoretical, and historical reasons, 
one may expect this type of analysis to fail in the 
Americas, especially using linear correlations.Further 
work on American data with more refined methods is 
clearly necessary. 


6.12. GEOGRAPHIC MAPS OF SINGLE GENES 


The ABO system is remarkably different in America 
from other parts of the world: Amerinds are unique in 
having almost completely lost the A and B alleles. By 
contrast, A is conserved among Na-Dene and shows 
a remarkably high frequency among some Almosan, 
whereas among Eskimos, the A and B frequencies are 
much more similar to those of the rest of the world. 
Thus, the ABO locus is a fairly good, though not a per- 
fect mirror, of the three major postulated migrations. 

The reasons for the loss of one or two alleles of this 
system, which are present at relatively constant frequen- 
cies in all other world populations—and to some extent 
also in many Primates (Socha and Ruffié 1983)—are not 
entirely understood. The extent to which random vari- 
ation in gene frequencies affected Amerind populations 
will be clear from several other examples in this section 
and suggests that genetic drift played a very important 
role in America. Did drift determine the irregularities of 
gene frequencies in America because of a very low num- 
ber of initial migrants (an initial founder effect), or later 
bottlenecks, and perhaps persistence of low numbers for 
long periods? We may anticipate that the behavior of 
ALA loci indicates that the second or third hypothesis 
may be true, and that many tribes originated from a very 
small number of founders. Instead of the many alleles of 
an HLA locus commonly found elsewhere, even in small 
populations, a particular Amerind tribe has only a few 
alleles at a disproportionately high frequency, with other 
alleles rare or absent. In another tribe the same rarity of 
most alleles except a few is observed, but the frequent 
allele/s are different. This remarkable phenomenon is 
therefore unlikely to be due to natural selection, given 
its magnitude, or to the initial founder effect of a small 
number of first migrants from Asia. ABO has far fewer 
alleles than HLA, but in a way there is a somewhat sim- 
ilar phenomenon: an excess of A in a few groups, and 
an excess of O (up to 100%) in all the others. A high 
frequency of B is almost never found. 

Even if there is a good chance that drift was respon- 
sible, at least in part, for the anomalous distribution of 
ABO, it is difficult, if not impossible, to exclude the 
effects of natural selection. As we have seen in section 
2.10, ABO phenotypes (or genotypes) react differentially 
to many infectious diseases, and a popular explanation 
for the loss of A and B alleles among Amerinds 1s differ- 
ential sensitivity to syphilis, because O individuals are 
more resistant. The origin of the hypothesis is the belief 
that syphilis was endemic in Central America in the 
fifteenth century and was spread to Europe by the crew 
of Christopher Columbus after their return to Spain. 
The evidence from direct studies of patients (Mourant et 
al. 1983) showed that O individuals heal more rapidly 
(as judged on the basis of immunological tests) after 


AMERICA 333 


treatment with chemotherapeutics. The dates and geog- 
raphy of the European epidemic beginning shortly after 
the return of Columbus’ crew correspond to the expec- 
tations of the hypothesis, but others have claimed that 
the disease originated in Africa from a closely related 
spirochete responsible for yaws, a nonvenereal disease 
(McNeill 1976). A search for a correlation between yaws 
and ABO was negative (Cavalli-Sforza 1986b). 

The geographic distribution of the ABO alleles shown 
in the maps deserve some comments. Because of the 
rarity of A and B, and the omnipresence of O, all gene- 
frequency distributions are very skew. In North Amer- 
ica O is lower, with allele A being high and reaching 
a peak above 45% (almost all A/) in western Canada. 
Elsewhere, O is almost never less than 50%. In the ex- 
treme south, there is a small patch with a maximum of 
A greater than 10%, and a corresponding trough in O. 
Greenland is also high in A (A/). 

In Eskimos, B shows a peak in eastern and southern 
Canada, where O is low and there are also traces of A. 

Apart from Eskimos, the simultaneous presence of A 
and B in proportions of 4:1 is a strong indication of 
admixture with Caucasoids. This is likely to be the case 
on the eastern coast of Canada, but the absence of B in 
the western part of Canada, despite the high frequency of 
A, is proof that this is not due to admixture. If Negroids 
were the donors of ABO genes, which is not the case in 
Canada, the proportion of A to B would be lower than for 
white admixture. We have tried to avoid using data from 
mixed populations but we will see that in the eastern 
part of the United States and Canada a fair number of 
mixed groups are present. More intensive contacts with 
Europeans occurred in this area and, therefore, it is not 
surprising that it is difficult to find “full-blood” (or even 
only 3/4 blood) Amerinds. 

Variograms of ABO alleles have long initial linear seg- 
ments, with rather small slopes. 

Acid phosphatase (ACP/*B) shows an almost regular 
gradient from north to south. The distribution is almost 
bimodal, reflecting the major difference of Eskimos and 
Amerinds from the extreme north versus the rest of the 
continent. The variogram is approximately linear up to 
4000 miles, with a fairly large slope. 

Adenylate kinase / (AK/) is, like ABO, a marker of 
Caucasoid admixture. The less frequent allele, AK/*2 
has a frequency of about 5% among Europeans and is 
essentially absent in other populations. The band of low 
AK1*I (<97%) across the North American continent in- 
dicates Caucasoid admixture. It confirms and extends the 
observations with ABO. The variogram is uninformative 
and is not reported. 

The Diego blood group (DIJ*A) is of special sig- 
nificance in America. It was first found in Amerinds, 
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in which, as the map shows, the A allele varies from 
less than 5% to more than 35%; it is also found in some 
northern Mongoloids but at a lower frequency. It must 
therefore have originated in Northeast Asia. Its consider- 
able variation in America is most probably due to drift. 
The maximum is in northern Brazil, but it is rare or 
absent in North America. The initial slope of the vari- 
ogram is fairly high, and the linear portion is less than 
1000 miles. 

The Duffy blood group (FY) varies considerably with 
allele A, showing a maximum in the Arctic. The dis- 
tribution spans almost the complete range, but is con- 
centrated between 40% and 100%. Allele B has been 
studied much less extensively; it peaks with more than 
40% frequency between northern Brazil and the Guianas. 
The variogram of allele A is fairly regular, whereas that 
of B has a strongly negative initial slope. 

Allele 7 of esterase D (ESD*/) shows a maximum in 
Mato Grosso (southern Brazil) and the Paraguay basin, as 
well as in Central America; it also shows an absolute min- 
imum in the extreme eastern part of Brazil. The variogram 
has a large slope and is linear until about 1500 miles. 

Glyoxylase-1 allele / (GLO/*/) has a maximum in 
Central America and low values in South America; 
the regular decrease toward the north is artifactual and 
caused by the near absence of data in North America 
except in the extreme north. The variogram is approxi- 
mately linear for almost 2000 miles with a largish slope. 

The group-specific component or vitamin-D-binding 
protein allele / (GC*/) shows a minimum in central 
Brazil and a relative maximum farther west; the vari- 
ogram is irregular, possibly because of the closeness of 
the minimum and maximum. The electrophoretically fast 
subtype of GC*/, GC*/F has two peaks on the western 
coast of South America, a relative minimum in the ex- 
treme south and one in the extreme north. The variogram 
shows a complex form. 

Haptoglobin (HP*/) also has a very wide distribution, 
with gene frequencies ranging from 0% to 100%, with 
a mean of 55%. The peak is in the extreme south, but 
there are other secondary peaks in South America; the 
lowest values are in the extreme north. Basically, there is 
a north-south gradient, which, in the present case, cannot 
be attributed to climate. The variogram has a relatively 
short initial portion with a positive slope. 

Antigens specified by HLA genes have revealed an 
unusually narrow range of alleles, especially in South 
America (Black et al.1980). Only HLAA*2, A*9, A*28, 
A*30, A*31, A*33, HLAB*5, B*15, B*16, B¥17, B27, 
Bx35, and B*x40 have average frequencies significantly 
different from zero. This restricted range of polymor- 
phism is expected when the genetic diversity of an 
ancestral population has been reduced several times by 
passage through size bottlenecks. 

A possible effect of selection should also be consid- 
ered for HLA: in fact, evidence for heterosis in South 


American Indians had been advocated by Black and 
Salzano (1981), who found that, in a subpopulation of 
122 people whose parents’ HLA haplotypes were known, 
there were 56% fewer homozygotes than expected. If this 
phenomenon is due to differential mortality, it can be ef- 
ficiently studied only in the few populations still subject 
to high prereproductive mortality. 

The most frequent HLAA allele is A*2—37%, on the 
average —and it reaches maxima over 50% in southwest- 
ern North America and in Venezuela, with minima in the 
northern Andes and in eastern Greenland. The distribu- 
tion is likely to have at least two modes. HLAA*9 has an 
average frequency around 31% with a peak over 80% in 
eastern Greenland and the northwestern Arctic. A sec- 
ondary peak (over 50%) is found in the northern Andes, 
whereas the rest of South America has frequencies below 
20%. The distribution seems bimodal. Allele A*/9 has 
an average of 17.5% and a peak of more than 40% in 
northern Chile, with low frequencies north of Colombia. 
With an average frequency of 10%, A*28 has a peak near 
40% in the extreme south. Averaging only 1%, A*30 
has a peak of more than 4% in the southeastern United 
States. A subtype of Al9, A*3/, averages 15%, reach- 
ing more than 40% in northern Argentina. Again, the 
distribution seems bimodal. Although it has a maximum 
above 15% in the southeastern United States, A*33 av- 
erages 1.8%. 

With an average frequency of 12% and a peak over 
50% in eastern Venezuela, HLAB*5 has a secondary peak 
in eastern Greenland. Although its mean frequency is 
1%, B*7 reaches values above 10% in the western Arc- 
tic Ocean region. Allele B*/4, with a 0.8% average, 
has a frequency greater than 10% in the southern Andes; 
and B*/5, average 11.5%, has a peak in northern Chile. 
Bx16, average 13%, has a peak in the north-central An- 
des greater than 50% and minor peaks elsewhere. B*2/, 
averaging 1.5%, has a maximum above 10% in the ex- 
treme Southwest of the United States. B*22, with mean 
0.7%, reaches more than 10% among central Eskimos. 
Well known for its strong association with ankylosing 
spondylitis, B*27 has an average frequency of 3.8%, 
with a maximum above 20% in Alaska. It 1s interest- 
ing to note that the three tribes of the Southwest, the 
Pima, Papago and Zuni, have similar origins but signifi- 
cantly different frequencies for B27. The most frequent 
B allele, B*35, has a 20% average and reaches about 
70% in Brazil. With a mean frequency near 19%, B*40 
reaches over 50% among Eskimos of the western Cana- 
dian Arctic. 

In sum, HLA shows great variation, most proba- 
bly resulting from drift, like the other genetic sys- 
tems, but as already noted, its multiallelic structure 
renders variation more evident. This genetic system 
fs ordinarily represented by a great number of alleles 
in almost every population—even if very small—in 
the Old World, and all alleles tend to have relatively 


low frequencies. In the Americas, the situation is dif- 
ferent. One or few alleles become definitely dominant 
in frequency, in one or a few tribes, sometimes reach- 
ing values above 50%, and the other alleles are corre- 
spondingly rare; but most populations are unique in that 
the dominant alleles differ from one to the other, some- 
times even in neighboring populations. This is exactly 
what would be expected, at least qualitatively, under drift 
alone. In fact, in the total absence of cross-migration, 
drift would eventually lead to the survival of only one 
allele in each population. The surviving allele is cho- 
sen randomly from among those originally present, sub- 
ject to the rule that the probability of an allele becom- 
ing the sole final survivor equals the initial frequency 
of that allele in the drifting population. Perhaps most 
alleles were represented at the beginning in Northeast 
Asia; many are still present in some, but not in all the 
other tribes. 

Some alleles were probably lost, a few among the 
founders perhaps, but most in the process of evolution 
of individual tribes, as shown by the very different local 
patterns of each allele. It seems as if most local popula- 
tions were started by such small numbers of individuals 
that they could only maintain two or three alleles at high 
frequency. Under these conditions, one does not need 
to postulate a very strong founder effect at the passage 
from Siberia to America (or even earlier). The remark- 
able variation among the Indian tribes of South America 
suggests the existence of a later bottleneck, perhaps more 
important than the first, if there was a first one. In other 
words, many alleles may have been present at the begin- 
ning and lost later. Only 17 alleles have sufficiently high 
average frequencies to generate maps of America; this is 
about half the number of European alleles, but one does 
not need to conclude that half of the alleles were lost. 
It is possible that there exist several undetected alleles, 
because the majority of reagents are of Caucasoid origin 
and do not necessarily detect all alleles present in other 
populations. 

The variation with distance shows here, as in other 
HLA data, several negative or flat initial slopes: 5 of 17. 
The initial linear segments of those with positive slopes 
are in the usual range, and the initial linear portion may 
sometimes span 2000 miles. 

GM (or IGHG!G3) also shows considerable local vari- 
ation. The most common haplotype, za;g, varies from 
40% to 100%, with several peaks and several minima. 
The next most important haplotype, zax;g, has a maxi- 
mum in the center of South America and decreases al- 
most regularly around it. 

All the other GM haplotypes have lower average fre- 
quencies, but all show usually single, sometimes extreme 
peaks in different regions. Thus za;b0b1b3b4b5, a Ne- 
groid haplotype (very poorly represented in the maps for 
reasons of reagent availability), has an average frequency 
near 2%, but peaks at more than 6% in the Guianas 
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where there is probable African admixture. An Oriental 
haplotype, za;bOstb3b5, has an average frequency of 6% 
and peaks at more than 20% in Alaska and in Labrador. 
With an average of 1.6%, fa;b0b1b3b4b5 has various 
peaks in the north and south, none too pronounced. A 
Caucasoid haplotype, f;b0b1b3b4b5, has an average fre- 
quency of 2.7% and peaks in Greenland and in the north- 
ern part of South America. 

At first, one might be reluctant to believe that all 
these maxima and minima for GM haplotype frequen- 
cies are due to drift. One might hypothesize that this 
immunoglobulin marker reacts to local infectious dis- 
eases, and there is a little evidence for it as discussed 
earlier. However, drift is expected to operate with the 
same intensity for all markers. It is therefore likely that 
many GM gene-frequency peaks or troughs in America 
are due to drift. 

The lightimmunoglobulinconstantchain, KM+(1&/,2), 
has a mean of 37%, with a wide distribution of 0% to 
80%, minima in the north, but at least one in the south, 
and maxima around Panama. 

The variograms of immunoglobulins tend to be irregu- 
lar and uninformative. The Kell blood group (KEL*K) is 
a rare polymorphism almost homogeneously near zero. 
KEL*Jsa is also relatively rare (2% average), but shows 
a peak above 20% on the northern coast of South Amer- 
ica. The Kidd group (JK*A) has a distribution of 0% 
to 80%, with minima in the extreme south and in the 
Panama region, and various maxima. Its complemen- 
tary allele, JK*B is poorly studied directly; it shows a 
complementary maximum in Panama. The Lewis blood 
group LE*Le also varies greatly, from 10% to 100%, and 
has a maximum in Alaska. LE*Le(a+) has a maximum 
in a neighboring region, but has a much smaller range of 
variation. Almost all these blood groups have irregular 
variograms. 

The MNS system shows somewhat less variation than 
other genes, judging by Fz values, but the range of gene 
frequencies is not small. The M allele varies from 30% 
to 100%, and the S allele from 0% to more than 80%; 
both frequency distributions are probably unimodal, but 
both geographic maps are full of relative minima and 
maxima that span almost the whole range. Of the four 
haplotypes, only the rarest, Ns (6% average frequency), 
does not have a distribution extending from nearly 0% 
to nearly 100%; maxima and minima appear in regions 
already showing strong drift for other alleles, like the 
north-central Andes or the Arctic, or in new ones, like 
the coast of southern Brazil. All the variograms have 
positive initial increases with regular slopes, but with 
oscillations, except for Ns which 1s fairly flat. 

The P/ blood group, allele /, has a distribution vary- 
ing from 5% to 100%, with a maximum in southern 
Chile and minima in many places, but mostly among Es- 
kimos. The Fz is elevated, and the variogram increases 
initially. 
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Peptidase A (PEPA) is poorly studied and shows lit- 
tle variation; allele 2 has an average frequency of only 
0.6%. The variogram is uninformative and is omitted. 
Taster (PTC*T) is poorly known in this part of the world; 
it varies between 30% and 100%, with maxima in south- 
ern Chile and the southwestern part of North America. 
Minima are among Eskimos. This geographic distribu- 
tion is in some agreement with an advantage for tasters 
in an area where antithryoid substances containing plants 
may be common, at least to the extent that Eskimos, 
who eat essentially meat and fish, are less exposed to 
the danger. It is not clear whether the areas with highest 
frequencies of tasters have a particularly frequent occur- 
rence of edible plants dangerous for thyroid function. 

Phosphoglucomutase | (PGM1*/) varies from 55% to 
100% with a mean of 83.5 for allele /; the maximum is 
in Venezuela, but a secondary peak is found in the Na- 
Dene region. There are various minima and an irregular 
variogram, as is almost usual. PGM2 is less well known 
and, in any case, shows less variation, being confined to 
80%-100% for allele 7. A minimum is in the extreme 
south. The variogram of PGM2 is uninformative. 

6-phosphogluconate dehydrogenase (PGD) shows a 
low frequency of allele B, with some anomalies in north- 
eastern North America and in northern Chile. Allele C 
is represented on the map, and B has the complementary 
pattern. The variogram has a moderate slope. 

The RH system is also highly variable. Alleles C and 
E span essentially the whole range, while D is less vari- 
able, having, on the average, 96% frequency. C peaks 
in Panama and is lowest in the Arctic; D is universally 
high everywhere except for minima on the eastern coast 
of North America (possibly reflecting Caucasoid admix- 
ture, since Europeans have the highest world frequencies 
of the d allele [RH-]). E peaks in the Arctic and in the 
Andes; it is minimal in Panama. 

The most frequent RH haplotypes are CDe (52%) and 
cDE (36%), and both span almost the entire 0%—100% 
range. The first peaks in Panama, and the second, in the 
Arctic. Next in frequency are CDE (4%), which also has 
several relative maxima in North and South America, 
up to about 30%; and cDe (4.6%), which peaks in the 
Southwest of North America. Ordinarily cDe is a good 
marker of Negroid admixture, which, however, seems 
very unlikely in the Southwest. The cde haplotype is, on 
the average, 2.5% and can be taken as a good indicator 
of Caucasoid admixture; not surprisingly, it shows a 
peak up to 20% on the eastern coast of North America, 
where we have seen other signs of admixture. It is un- 
certain if the relative maximum in the extreme northwest 
of Canada should also be interpreted as a result of Cau- 
casoid admixture, because the other possible markers do 
not confirm it. Two rare haplotypes, Cde and cdE, show 
minor variations. Haplotype cdE surpasses 3% in a small 
area of Mexico and reaches 1%-—2% in the extreme south 
of South America. Cde shows very low maxima in Mex- 


ico and in the Southwest of the United States. Their maps 
are omitted. The variograms of RH show less extreme 
oscillations around the curve than most other American 
alleles, probably because of the greater number of data, 
and slopes are fairly large on the average. 

The secretor locus (SE) varies from less than 40% to 
100% in frequency of the Se allele and has a maximum 
around the equator. Parts of the map are not supported 
by data and are unlikely to represent real variation: for 
example, the maximum in Florida, which is extrapolated 
from the high Mexican values, and the maximum in the 
extreme south. The minimum in Brazil seems well sup- 
ported and is not surprising given the high drift observed 
throughout America. 

Transferrin (TF) shows a few troughs of the common 
allele C, where the alternative allele D reaches rela- 
tively high frequencies, up to 30%: in Panama, northern 
Venezuela, and Labrador. 

The major conclusion is that the Americas, especially 
South America, show extreme genetic variability. This 
is also shown by average Fz values, which were cal- 
culated for the 491 populations selected for detailed 
analysis. Below we compare the American average with 
averages of world groups or regions of interest: 


America 0.070 + 0.006 
Caucasoid (no exclusions) 0.043 + 0.005 
sub-Saharan Africa 0.035 + 0.014 
Australia 0.019 + 0.004 
New Guinea 0.039 + 0.007 
Polynesia 0.031 + 0.004 


In the various regions of Asia, Fsys range from 0.021 
(Southwest Asia) to 0.035 (Southeast Asia). 

Of the various subdivisions of the Americas, South 
America has the greatest variation of gene frequencies: 
the average Fsr is 0.059 + 0.006. The gene with the 
highest variation is SE*Se (0.30), followed by KEL*Jsa 
(0.19), PGD#*C (0.18), and TF*C (0.16). After South 
America, the extreme North has the greatest variation: 
0.051 + 0.007 (including Eskimo, Aleut, all Na-Dene, 
and also the Chukchi, who cluster with Eskimos); the 
most variable genes are FY*A (0.26), LE*Le (0.21), 
PCT*T (0.13), and KM*(1&/,2) (0.10). 

North and Central America combined, including Na- 
Dene but not Eskimos, has a comparatively low average 
F sz (0.034 + 0.004). The most variable gene is ABO*A/ 
(0.17), followed by A (0.13), HLAB*35 (0.12), and O 
(0.12). Of the various linguistic groups, Chibchan shows 
a variation comparable to that of South America as a 
whole: 0.059 +0.007, with D/*A being the most variable 
(0.17), RH*cDE and CDe next (0.13 and 0.11), and 
finally TF*D (0.11). 

The impression from the geographic maps and dis- 
tributions of gene frequencies is thus fully confirmed. 


America, in particular South America, is genetically the 
most variable part of the world. As a consequence, there 
are extreme oscillations of mean Fy values at various 
geographic distances around the interpolated variogram 
curves, that is, of the data points shown in variograms. 
These oscillations tend to be lower only for genes with 
high densities of observed frequencies, but even there 
the strong local geographic variation generates important 
fluctuations. 

The F values indicated in the top right corner of the 
gene-frequency distributions given in each geographic 
map are Fsz values; but, unlike those given above, they 
are obtained from the original gene frequencies. They 
therefore include populations that have been excluded 
from the 491 selected as genetic references and, more 
importantly, they were pooled with neighbors. The data 
from the 491 populations are the basis for the Fsy val- 


6.13. SYNTHETIC MAPS OF AMERICA 


Table 6.13.1 shows the partition of the total vari- 
ation among the first seven PCs, which cumulatively 
explain 74.3% of the total variation. The seventy-two 
genes used for the analysis correspond to the 69 genetic 
maps listed in the Table of Genetic Maps with the ad- 
dition of ABO*A2, AK/1*1, GC*1F. Table 6.13.2 shows 
correlations of the first six PCs with gene frequencies. 

The analysis of single genes shows considerable lo- 
cal variation. Patterns found for different genes are 
rarely similar. By contrast, in other continents, sev- 
eral geographic patterns of single-gene frequencies were 
observed repeatedly with different genes. In those con- 
tinents, one could easily anticipate, on the basis of the 
repeated patterns, and the number of repetitions of each, 
the general shape of synthetic maps obtained by PCs and 
their order of importance. In America we find this oc- 
curs clearly only for the first two synthetic maps, which 
correspond closely to the first two fissions in the genetic 
tree. 

The first PC (fig. 6.13.1) shows a north-south gradi- 
ent with the greatest slope in Canada, thus emphasizing 
the distinction between the Eskimos + Na-Dene group 


Table 6.13.1. Percentage of Total Variance Explained by the First 
Seven Principal Components of American Gene Frequencies 


Principal % of Total Principal % of Total 
Component Variance Component Variance 
1 32.6 5 5.7 
2 12.7 6 4.8 
3 8.6 7 3.9 
4 6.0 
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ues given above. Pooling neighbors decreases F'sp values 
(Cavalli-Sforza and Feldman 1990), and it is therefore 
not surprising that the Fs; values given in the maps are 
larger than the Fsrs calculated from the 491 populations. 

An independent approach that leads to the same con- 
clusions is the study of mitochondrial DNA. With a 
low-resolution technique, the restriction-fragment-length 
polymorphisms (RFLPs) of three tribes, Pima, Maya, 
Ticuna, were studied (Wallace et al. 1985; Schurr et al. 
1990), and showed a variation of RFLPs similar to that of 
genes indicated above. Analyzing DNA markers makes 
it easier to identify specific mutants and may help us to 
follow specific migrations more closely. Inferences about 
the number of migrants to America that have been made 
in some mtDNA papers, even with techniques allowing 
higher resolution than those above, seem largely unwar- 
ranted at this stage of our knowledge. 


and Amerind populations closer to Eskimos on the one 
side, and the rest of America on the other side. In South 
America, there is a differentiation between east and west. 
According to some archaeological dates, not universally 
accepted (see sec. 6.2), the eastern area may also be the 
oldest part. There is a good correspondence with the first 
fission, which separates Eskimos and Na-Dene from all 
Amerinds. To note: the highest correlation of the first PC 
axis 18 with IGHG1G3* za;b0Ostb3b5, a typical marker 
of Asian origin. 

Most of the divergence found in the map of the sec- 
ond PC (fig. 6.13.2) is observed in North America. 
There is little variation in South America, though the 
east-west difference is always noticeable. In North 
America the major divergence is between Eskimos and 
non-Eskimos, with Na-Dene showing more similarities 
to the former than to the latter. The peak in the 
eastern part of North America most likely represents 
Caucasoid admixture; this is the area in_ which 
contact between Caucasoids and Amerinds has been 
longest. This area has ABO*B, relatively high AK/*2, 
IGHG1G3*f; b0b1b3b4b5 and high RH«cde, strongly 
indicating Caucasoid admixture. 

There is an inconsistency between the observations 
on the frequencies of the Caucasoid markers just indi- 
cated, which are drawn directly from the gene-frequency 
maps, and the correlations of this PC with the gene fre- 
quencies shown in table 6.13.2. The reason for this 
discrepancy is believed to be the existence of inordi- 
nate genetic variation in the Americas, which tends to 
cover other local regularities. The presence of important 
ethnic heterogeneity —that is, of Eskimos in the North— 
also tends to alter the meaning of the correlations of a 
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Table 6.13.2. Genes Showing the Highest Correlations with the 
First Six Principal Components of American Gene Frequencies 


P.C. 
.00 — 0. (+) IGHG1G3*za;bOstb3b5, HLAB*27 


Range of 
Correlation 


Coefficient 
1.00 — 0.90 


0.90 — 0.80 


0.80 — 0.70 


0.90 — 0.80 
0.80 — 0.70 
0.70 — 0.60 
0.60 — 0.50 


0.50 — 0.40 


0.80 — 0.70 
0.70 — 0.60 


0.60 — 0.50 


0.50 — 0.40 


0.70 — 0.60 
0.60 — 0.50 


0.50 — 0.40 


0.60 — 0.50 
0.50 — 0.40 


0.40 — 0.30 


0.60 — 0.50 
0.50 — 0.40 


0.40 — 0.30 


Genes 


oS 

(+) ABO*A, ABO*A1, ACP1*A, AG#X, 
HLAA+9, LE*Le 

(-) ABO*O, AK1*1, DI*A, HLAA*1, 
HLAA*31, HP*1 

(+) HLAB*22, HLAB+40, HLAB *7 

(-) IGHG1G3*zax;g, KM*(18&1,2) 


(+) HLAA*30 

(-) — 

(+) HLAA*33 

(-) PGD*A 

(+) JK*B, GC*1 

(-) — 

(+) HLAA*2, GLO1, HLAB*21 

(-) TF*C, MNS*Ms 

(+) ABO*A2, AG*X, GC*1F, HLAB* 16, P1*1 
(-) FY*B, HLAB*15, LE *Le(a+), RH*D 


+) 
(-) IGHG1G3*za;b0b1b3b4b5 
(+) RHE 
(-) RH*CDe, RH*C, IGHG1G3+*f;b0b1b3b4b5 
(+) RH*cdE, RH*cDE, 
IGHG1G3* fa;b0b1b3b4b5 
(-) HLAB+5 
(+) PTC*T, HLAB* 14 
(-) PGM2+1, LE*Le(a+), JK*A 


(+) HLAA*28 

(=) = 

(+) HLAA*2, HLAB*35, PGM1+1 
(-) HLAB*14 

(+) HLAB+21, PGM2+1 

(-) HLAB+*15 


(+) ESD*1, GLO1*1, JK*B 

= 

(+) GC*1, FUT2(SE)*Se 

(-) IGHG1G3*za;g, MNS*S, MNS*MS 

(+) IGHG1G3*zax;g, HLAB*5, PEPA*1, 
RH*CDe 

(-) MNS*Ms, RH*cde 


(+) — 

(-) FY*B, KEL*K 

(+) HLAB*22, RH*E, RH*cDE, FUT2(SE)*Se 
(-) ABO*B 

(+) CHE1*U, GC#1, GC*1F 

‘es aoa 


Note.— Genes giving positive or negative correlation values are indicated by 
(+) or (-), respectively. 
* P.C., Principal component. 
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Fig. 6.13.1 Synthetic map of the Americas obtained by 
using the first principal component. 
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Fig. 6.13.2 Synthetic map of the Americas obtained 
by using the second principal component. 


PC with individual gene frequencies observed in a spe- 
cific region. 

Central America is more similar to North America than 
to South America. Thus, this map shows approximate 
correspondence with the fission between Na-Dene and 
Eskimo, but also with that between South America and 
the rest of the Americas. It also highlights Caucasoid 
admixture of the eastern part of North America. 

Extreme values for the third PC (fig. 6.13.3) are 
found especially in South America, the contrast being 
remarkably strong between the northeastern and the 
southern Andes. North America also shows some vari- 
ation between east and west, and in the same direction 
as in South America. It is possible that the east-west 
gradients observed in the north and in the south again 
express Caucasoid admixture which, as we have seen 
when discussing single genes, is especially prominent in 
the east-central area of North America, but is not missing 
in South America. Caucasoid admixture is also probably 
found among Greenland Eskimos, who were in contact 
with Vikings, especially on the eastern coast in the ninth 
to fourteenth centuries A.D.. Eventually, the Vikings died 
of starvation or were killed by the Eskimos (their fate 
was never Clarified), but there may have been genetic ex- 
change. If this is true, it is not surprising that one finds 
some similarity in the degree of shading of the three 
areas that may have had some Caucasoid contribution; 
some further clarification to this problem comes from 
the next PC. An admixture of another nature —that is, 


il 


Fig. 6.13.3 Synthetic map of the Americas obtained by 
using the third principal component. 
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with Africans—is likely to have taken place in eastern 
Venezuela and the Guianas. 

The fourth PC (fig. 6.13.4) also has a west-to-east gra- 
dient both in North America and in South America, but 
in contrast to the third PC, the direction of the gradient 
is inverted in the north and south. The similarity of the 
third and fourth PCs adds some evidence to the hypoth- 
esis that both eastern Greenland and the eastern coast 
of the United States have had some Caucasoid admix- 
ture, but the different behavior of the two components 
in Guiana may strengthen the hypothesis of admixture 
with Africans in this region. 

The fifth component (fig. 6.13.5) stresses the differ- 
ence between the Panama area and the rest of America. It 
is also indicative of migration to the south via Panama. 
The sixth map (not given) shows very little variation 
except in the extreme north, where it emphasizes the 
contrast between the Aleutian islanders and the Yupik 
Eskimos, occupying the southwestern part of Alaska, 
with the Eskimos of north-central Canada. 

Other authors have used the synthetic map approach in 
America, O’Rourke et al. in both North (O’ Rourke et al. 
1986; Suarez et al. 1985) and South America (O’Rourke 
and Suarez 1986), and Salzano and Callegari-Jacques 
(1988) in South America. Both groups have found ev- 
idence of strong genetic drift in South America as we 
have, and their maps show less regular patterns than 
ours, being somewhat more similar to our single-gene 
maps. Our synthetic maps, however, seem less sensitive 
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Fig. 6.13.4 Synthetic map of the Americas obtained by 
using the fourth principal component. 
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Fig. 6.13.5 Synthetic map of the Americas obtained by 
using the fifth principal component. 


to drift than do individual genes. Our method obtains 
first maps of single genes and proceeds from them to 
obtain PCs and then their maps. This tends to smooth 
maps more than the direct calculation of PCs from orig- 
inal gene frequencies of selected groups or the slightly 
different mapping method used by O’Rourke and Suarez 
(1986). Differences in methods inevitably highlight one 
aspect or another; our synthetic maps are aimed at get- 
ting general similarities. Our single-gene maps are more 
useful than our synthetic maps for seeing highly local- 
ized effects of drift. 

The conclusions from synthetic maps reinforce previ- 
ous findings and help visualize major genetic regions. 
Eskimos, Na-Dene, and Almosan are well characterized 
and are even further differentiated into subgroups. The 
Caucasoid infiltration in the eastern United States, in 
eastern South America, and perhaps in Greenland are 
clear. The difference between the western and eastern 
coasts of North America is clear. In South America, 
several regions can be defined: the Andes show local 
homogeneity at the level of the higher PCs and always 


differ from the eastern part of South America. The lower 
PCs show differences between northern, and central and 
southern Andes, with the northern ones more similar to 
Central America. The fourth PC emphasizes the unique- 
ness of southern Chile. In the eastern part, one can distin- 
guish a northern region formed by eastern Venezuela and 
the Guianas (see, e.g., the third PC), probably affected 
by African gene flow; a central one formed by north- 
ern Brazil; and a southern one corresponding to southern 
Brazil. There are important ecological differences among 
these areas, and there probably was greater exchange 
within, rather than between, different ecological regions. 

The color map of the Americas conveys 63.9% of 
the regional variations.In North America there are green 
and yellow zones, the yellow being Na-Dene speak- 
ers and the green areas mostly northern Amerind. The 
color picture does not supply a clear distinction between 
these and Inuit (Eskimos), probably because the lat- 
ter inhabit a very thin area on the coast. The south- 
ern part of North America is grayish, and the pink area 
at the boundary between southern Arizona, New Mex- 
ico, and northern Mexico is a sort of average from vari- 
ous local populations: southern Na-Dene (Apache and 
Navajo, who also have some genetic admixture with 
Amerinds) and neighboring speakers of Uto-Aztecan lan- 
guages. 

Central America shows a complicated mosaic of 
colors, as expected of a region that was probably 
crossed many times by many groups. The area occu- 
pied by Chibchan speakers is relatively homogeneous. 
The Caribbeans are passively stained; there are no ab- 
originals left. 

South America is dominated by two colors, red and 
blue, neither of which is found in North America. Both 
colors appear, though not at the same intensity or with 
the same nuance, in Central America as well, indicating 
that there are some remnants of the passage across the 
funnel north of it. Blue extends to the north and northeast 
and must represent a dominant direction of migration, 
where languages of Tucanoan, Caribbean, and Ge stocks 
are spoken preferentially. The other dominant migration 
in bright red 1s found in the southern direction along the 
Andes, but it did expand from the Andes toward the east, 
mostly into the Amazon plains, as we have seen from 
archaeology. Is the white spot in the middle of the Andes 
near Bolivia and Peru, an indication of a possible inverse 
Thor Heyerdahl (1950) effect, the arrival of Polynesians 
to South America? 


6.14. SUMMARY OF THE GENETIC HISTORY OF AMERICA 


The genetic patterns in the Americas fully confirm 
the three waves of migration suggested by dental and 
linguistic evidence: Amerinds, Na-Dene, and Eskimo. 


Their order in time is strongly suggested by their north- 
south geographical order. Further refinements may reveal 
that more than one entry contributed to the first wave, 
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but the archaeological information is contradictory and 
our understanding of the genetic pattern of Amerinds is 
incomplete, so that further investigations are required to 
settle this problem. 

Eskimos, the last wave, fairly rapidly settled the Arc- 
tic coastal line and rarely occupied the interior. In the 
extreme east (Greenland) they may have mixed with 
Caucasoids, most probably because of contact with the 
Vikings who settled in Greenland and eventually van- 
ished under fairly mysterious circumstances. It seems 
reasonable to assume that some of that population was 
reabsorbed by Greenland Eskimos. 

The linguistic and geographic split between northern 
and southern Na-Dene is genetically clear-cut and prob- 
ably reflects gene flow from other Amerinds, especially 
in the southern Na-Dene (Apache and Navajo), who had 
greater opportunities to receive it, because they were in 
more direct contact. 

Amerinds show a much more complex picture. In 
North America, there is a band across the continent, 
which is wide in the east, of Caucasoid admixture. This 
admixture is also found elsewhere but it is less intense 
than in North America. In general, we have tried to avoid 
using populations in which admixture of some magnitude 
was suspected, but it was impossible to avoid mixed 
populations entirely without introducing an unwarranted 
bias. 

In South America, one can use synthetic maps to 
distinguish three major genetic regions: the Andes, the 
Amazon basin, and the southern plateau. They are very 
different ecologically, and genetic exchange may have 
been less frequent among them than within. The genetic 
picture within the regions is so variable that an enormous 
amount of genetic drift clearly must have occurred. This 
variation is also found in North and Central America, 
but it is somewhat less extreme; besides, much of the ge- 
netic variation in North America is a direct consequence 
of major differences among ethnic groups like Eskimos, 
Na-Dene and Amerind, maintained over the millennia by 
ecological, behavioral, and social separation among the 
groups. No such obvious original ethnic differences ex- 
ist in the rest of the continent. Clearly, fissions of tribes, 
and probably also fusions, have been numerous. Many 
tribes have probably originated from a small number of 
founders, justifying the enormous intertribal and interre- 
gional drift; they must also have moved around, as they 
still do, especially in areas like the Amazon and Orinoco 
basins. An important testimony to the extensive move- 
ments of Amerind tribes is the extreme fragmentation of 
the linguistic map, especially in South America. 

It would be interesting to know whether some of 
the South American linguistic families existed before 
the passage through Panama and, if so, in which order 
they entered. The Andean family is found along the 
Andes, alternating with Paezan and, in some places, 
with Equatorial. It is not unreasonable to think that the 


Andeans entered before the Paezan, given that they 
extend farther south. The Paezan family is present in 
North America (Florida) and is most closely related to 
Chibchan, which is found mostly in Central, but also in 
South America. The relationship of Chibchan and Paezan 
may antedate their entry into South America. 

It is very difficult to make inferences about the order of 
entry of the people who today speak Carib, Equatorial, 
Ge, and Panoan, on the basis of genetic data. On the 
basis of the geographic distribution of linguistic families, 
however, it seems natural to suggest that they entered 
in the order in which they are found in South America, 
those located farther south being first. Some subfamilies, 
however, have a very wide range: the Equatorial family, 
for instance, is spoken from Venezuela to Uruguay. 


West East 


North Chibchan 
(latest) Carib 
Tucanoan 
Panoan Equatorial Ge 
South Paezan 
(earliest) Andean 


These considerations could have more weight if there 
was a good correlation between linguistics and genetics 
in South America. Unfortunately, there is not, or it has 
not yet been found. Moreover, the considerable genetic 
noise caused by drift, and probably highly variable from 
place to place, makes an historical interpretation of the 
genetic tree less credible in South America than in other 
parts of the world. With very small populations, of vari- 
able size, evolutionary rate from drift is so variable that 
the length of the branches of the tree is hardly indicative 
of evolutionary time, using distances based on gene fre- 
quencies. It is difficult to say if other approaches —for 
example, using mtDNA—can be more useful. 

At the moment, the simplest hypothesis is that fissions 
and movements of tribes, their complex gene flows and 
fusions, and the contrast that can be expected between 
the genetic and linguistic effects of fusions between 
tribes all contribute to dissociate genetic and linguistic 
evolution and to some extent even their relation with 
geography in this part of the world. Some regularities 
emerge from the genetic analysis of major geographic re- 
gions in South America but, at a microgeographic level, 
several poor or negative correlations among genetics, 
geography, and linguistics show the need for more de- 
tailed research, perhaps carried out with other methods. 
The research by Spuhler in North America and that on 
the Panama Chibchan (Barrantes et al. 1990) reassure us 
that we are on the right track in assuming a parallelism 
of genetic and linguistic differentiation in America, that 
this research model is productive, and some times even 
more informative than work at a macrogeographic level; 


342 CHAPTER 6 


however, not every region will be equally favorable for 
microgeographic analysis. 

In a model designed to test whether the settlement of 
the Americas could have produced the high genetic vari- 
ation observed (Cavalli-Sforza 1986), five assumptions 
were made: (1) demes (tribes) were of census size 500; 
(2) they produced “buds” 25% of the size of the initial 
deme; (3) buds doubled in size every generation of 25 
years (a rate of growth supported by many observations 
on populations in free growth; see sec. 2.7); they there- 
fore reached the size of a full deme in 50 years; (4) in 
a budding cycle (two generations), a deme moved an 
average of 250 miles (5 miles per year). (5) It is likely 
that buds advancing in new territory had low mortality, 
living in environments either not contaminated or less 
contaminated by previous inhabitants; on the contrary, 
demes in regions behind the advancing frontier would 
soon slow down population increase. Perhaps increasing 
mortality was caused by rapid saturation of local popula- 
tion density. It is a necessary assumption of any expan- 
sion that population growth is rapid at the frontier and 
ceases or slows down considerably back of the frontier 
(Ammerman and Cavalli-Sforza 1984). 

Under these conditions, the occupation of the Amer- 
icas could be completed in few millennia, and, in the 
absence of admixture between demes, the final genetic 
variation between demes would even be too high with 
N = 500. Gene flow between demes would, of course, 
reduce genetic variation. Tribal fusions are bound to have 
played an important part because the genetic variation 
would be excessive if the models above are right. 

A demic budding and expansion process in two dimen- 
sions would probably be random in direction, certainly 
unguided except by the search for game, safety, and 
comfort. The idea that a single band wandered across 
from Asia to America seems unrealistic. Along coasts 
and rivers, the process would be closer to unidimensional 
and unidirectional. The average rate of (random) move- 


ment of 5 miles per year is fast, because its random- 
ness means that often, but not always, it would bring 
the group to new territory. It is, of course, possible that 
movement was by leaps and bounds, greater than 5 miles 
per move if people stayed in the same place for sev- 
eral years in a row. This pattern of repeated movement 
involves a specific behavior that is not typical of present- 
day hunter-gatherers (e.g., for African Pygmies; Cavalli- 
Sforza 1986), who move for long distances during the 
year but on established paths and repetitive, well-known 
circuits. In the past, Pygmies have certainly moved for 
long distances, in search of new abodes, but it is difficult 
to find comparable modern situations. 

The model is very approximate, and only an accu- 
rate simulation could give more realistic values. Perhaps 
only at a later stage, closer to saturation of population 
density, fusion events would become more common. It 
is difficult to evaluate the saturation density in environ- 
ments as diverse and poorly known as those in South 
America. Clearly, population density gradually rose in 
the Andes to levels much higher than in the rest of the 
subcontinent. Many urban developments, the skillful ex- 
ploitation of the variety of ecological niches and astute 
social management in organized states must have grad- 
ually but greatly increased the carrying capacity of the 
Andean region in the last few millennia. 

The most successful civilizations arose in the Andes 
and in many parts of Central America where the climate 
was more favorable. No such developments ever took 
place outside the Andes or other parts of Central Amer- 
ica. But in the northern subcontinent, in times before 
European contact, Plains tribes were probably of rela- 
tively large size. More sedentary groups lived in com- 
munities that reached numbers in the thousands (sec. 
6.4). Thus, wherever population numbers grew, the ef- 
fects of drift were buffered and, especially where ur- 
ban communities arose, they were eventually drastically 
reduced. 
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7.3. Physical anthropology 

7.4. Linguistics 

7.5. Genetic population structure in Oceania 
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7.1. GEOGRAPHY AND ENVIRONMENT 


7.1.a. AUSTRALIA 


Australia, the smallest continent, occupies 5% of the 
earth’s land (about one-quarter less than Europe), but its 
population is only 0.3% of the world total, and the ab- 
origines are only 3% of the present Australian total. Es- 
pecially from our point of view, therefore, it 1s certainly 
the least densely inhabited of the continents. It owes this 
property to the extreme aridity of its climate in most of 
its area, and to the consequent scarce economic devel- 
opment of aborigines, who were still hunter-gatherers of 
the stone age when James Cook’s voyages (1768-1779) 
led to the British settlement of Australia. 

Inland Australia is a great plain, almost all less than 
600 m (2000 feet) in elevation. Rainfall is extremely low 
in the central and western parts, increasing somewhat 
toward the coast, but in the south and west the desert 
reaches very near the coast. Only 10% of Australia re- 
ceives more than | m of rainfall a year. By contrast, the 
northern and eastern coasts and the island of Tasmania, 
located at the southeastern tip, are very humid. The con- 
tinent extends from 11° to 44° S latitude; accordingly, the 
north has a tropical climate, with large extensions of man- 
grove, and the northern half of the east coast (fig. 7.1.1) 
is covered by tropical rain forest. Somewhat to the interior 
of the northern coast lies evergreen forest; farther inland 
are savanna and grassland, and then, in the heartland, 
the eremian zone (the desert). The southeast, southwest, 
and Tasmania have a temperate climate. Tasmania was 
attached to the mainland in earlier times, but may have 
been separated completely from it by less than 10 kya. 


7.8. Population genetics of Melanesia, Micronesia, 
and Polynesia 

7.9. Single-gene maps of Australia and New 
Guinea 

7.10. Single-gene maps of the Pacific Islands 

7.11. Summary of the genetic history of the Pa- 
cific 


The flora and fauna of Australia are very different from 
those of Southeast Asia. The vegetation ranges from eu- 
calyptus trees and savannas to acacia scrub in the more 
arid parts. In the Pleistocene, however, the climate was 
cooler than now, and a wide freshwater lake system ex- 
isted in the southeast. Lake Mungo (see fig. 7.2.1), 
which is located in the southeast but dried up about 
16 kya, was one of the oldest inhabited sites (Jones 
1989). 


7.1.6. NEW GUINEA 


New Guinea is the second largest island in the world 
(after Greenland) and is about one-tenth the size of Aus- 
tralia, to which it was connected before the end of the last 
glaciation. They are now separated by the Torres Strait, 
about 100 miles (150 km) wide. Located from 3° to 10° S 
latitude, New Guinea extends from northwest to south- 
east. The Central Cordillera crosses the island length 
and reaches high altitudes (maximum nearly 15,000 feet 
[SO00 m]); the highlands in the center are 4000-6000 
feet (1000-2000 m) high. Rainfall is especially high on 
the coastal plains, where tropical forest is dominant. The 
highlands are less humid. The total population is over 3 
million indigenous inhabitants, a high density for a peo- 
ple that was at the Neolithic stage until this century. Po- 
litically it is divided into a western, slightly smaller moi- 
ety under Indonesian control (Irian Jaya); and an eastern 
part belonging to the independent nation of Papua New 
Guinea. 
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7.1.c. PACIFIC ISLANDS 


The Pacific islands are traditionally divided into 
Melanesia (including New Guinea), Micronesia, and 
Polynesia (including New Zealand). Excluding New 
Guinea and New Zealand, the total area is about 100,000 
square miles (250,000 km’), divided among 10,000 is- 


7.2. PREHISTORY AND HISTORY 


Australia was always separate from Southeast Asia at 
all times of interest to us, but the sea distance was cer- 
tainly shorter in the Pleistocene. About 18 kya, Borneo, 
Sumatra, and Java were connected to the mainland of 
Southeast Asia, forming the Sundaland peninsula, while 
Australia, Tasmania, and New Guinea formed a single 
continent, called Sahulland. The problem of the arrival 
of Homo sapiens sapiens in Australia is not completely 
understood. There was agreement on setting the date of 
first arrival at 40 kya or earlier, with direct evidence 
of settlement about 39 kya, on the extreme southeast, 
far from the area of entry. Very recently, however, ther- 
moluminescence dates have indicated arrival in southern 
Australia at 50-60 kya (Roberts et al. 1990). There is 
(incomplete) consensus that only modern humans settled 
Australia (see sec. 7.3). 

The two oldest archaeological sites with human re- 
mains are shown in figure 7.2.1: (1) West of Sydney at 
Lake Mungo were found the remains of a woman cre- 
mated at Lake Mungo I and the burial (without crema- 
tion) of a man at Lake Mungo III, 500 m from the first 
find. The dates are 26-32 kya for the woman (Bowler 


Fig. 7.1.1 Climate and vegetation of Australia (Times 
Atlas of the World 1989). 


lands (see fig. 7.1.2). Strictly speaking, Melanesia in- 
cludes New Guinea, which we prefer to treat separately. 
The total number of inhabitants is in excess of one and a 
half million (estimated on the basis of speakers of east- 
ern or Oceanic Austronesian languages [Ruhlen 1987]), 
to which a number of speakers of Indo-Pacific languages 
other than those living in New Guinea should be added. 


and Thorne 1976, see also Flood 1983) and somewhat 
earlier for the man. Other earlier remains suggest that 
the initial occupation of this area was 35-37 kya (Thorne 
1980). (2) The second site is Keilor, west of Melbourne 
and not far from the sea north of Tasmania, but once 
certainly located inland. The oldest layer may date from 
35 to 45 kya (Thorne 1980). 

Most or all the continent was occupied very early, and 
there is an old date even in the interior; it is believed 
that the most favorable ecological zones were already 
occupied by at least 20 kya (Jones 1987). For a more de- 
tailed map of dates of occupation of Australia and New 
Guinea, see Jones (1989). Archaeology thus confirms 
the hypothesis by Birdsell (1957), based on a simulation 
of population advance, that the continent was occupied 
fairly rapidly. Bowdler (1977) has suggested that the first 
occupation followed the coastline. Given the increase in 
the water level that has probably occurred since then, 
most earlier archaeological sites may be under water. 
The hypothesis that the coastline was occupied first 1s 
also made attractive by the inevitable consideration that 
the earliest settlers must have had considerable practice 
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Fig. 7.1.2 The Pacific Islands (from Irwin 1980). 


in offshore boating. The type of boats or rafts used is 
not known. 

The only animal brought into Australia by the aborig- 
ines was the dingo, one of the few nonmarsupial mam- 
mals found in Australia. Most dingoes are wild, but some 
have been tamed and used for hunting by the aborigi- 
nes. The oldest dingo remains in Australia are dated to 
at least 6000 years ago (Bailey 1980). The animal prob- 
ably came from Southeast Asia; it competed with the 
Tasmanian wolf and the Tasmanian devil, both of which 
are now extinct. 

Among old dates in New Guinea, Huon peninsula and 
Kosipe Swamp (fig. 7.2.1) are 40 and 26 kya, respec- 
tively (Flood 1983). There is a gap between this date and 
later ones (Groube et al. 1989, Kirk and Thorne 1976). 

It is likely that Australia and New Guinea were occu- 
pied by the same people, but some archaeologists have 
postulated several distinct migrations, despite extremely 
weak evidence (for a review, see Habgood 1989). There 
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is agreement on the origin from Southeast Asia; there is 
no direct evidence of which of the possible routes was, or 
were, followed. Birdsell (1977) made a thorough analy- 
sis of possibilities and suggested two major routes (north- 
ern and southern) with a total of five variants. Of two 
possible southern routes, the more likely one starts from 
Java and proceeds through the lesser Sunda islands and 
Timor to northwestern Australia. The most likely north- 
ern route is from Borneo through Sulawesi and Seram 
to the Bird’s Head (the extreme northwestern portion 
of New Guinea). In any case, there were tracts of sea 
of 80-100 km to be passed, which required better trans- 
portation across the sea than anything used by Australian 
aborigines in these days. 

The climate changed repeatedly through the period 
from first arrival to the present, and there may have been 
successive waves of migrants showing various biological 
and cultural adaptations to the changing climate. A new 
technology of stone artifacts appears in later times and 
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Fig. 7.2.1 Major archaeological sites in Australia and 
New Guinea. (From Whitehouse and Whitehouse 1975; 
Bailey 1980; Thorne 1980). 


is called the Australian small-tool tradition, developed 
primarily after 6000-5000 years ago. This tradition did 
not reach Tasmania, which was already separated from 
the mainland. The oldest boomerang was found in South 
Australia and dated to 10 kya (Bailey 1980). 


7.2.a. DOMESTICATION OF ANIMALS AND 
PLANTS IN NEw GUINEA 


Although Australian aborigines never developed farm- 
ing or the use of metals, in New Guinea agriculture de- 
veloped early. Until 1960, Neolithic-like stone tools were 
in common use in the central New Guinea Highlands. 

Agricultural developments occurred in the highlands, 
and one of the major sites east of Mount Hagen is a 
rock shelter, Kafiavana, which was first occupied at least 
11 kya. The earliest strata have a flake industry charac- 
teristic of New Guinea, but beginning 9000 years ago 
there appear axe-adzes, and later also in other parts of 
New Guinea. Marine shells are found indicating trade 
with the coast. Swamp-drainage channels dating to 9000 
years ago, perhaps used for taro cultivation, were de- 
tected in the Western Highlands province. Evidence for 
swamp drainage in other New Guinea areas is much later 
(3500 years ago); pollen research, however, shows that 
deforestation was frequent in the New Guinea highlands 
by 5000 years ago or earlier. It is believed that these 
agricultural developments were local and not imported 
(see Bellwood 1979). The sweet potato, of South Ameri- 
can origin, was probably introduced about 300 years ago 
via the Philippines where it was imported by the Span- 


ish. It soon joined taro and yams as a major staple crop, 
allowing further population growth. 

Pigs and fowl came to New Guinea from mainland 
Southeast Asia, Sumatra, and Java (Bellwood 1979). 
These are the only animal domesticates in Melanesia 
other than the dog, but pigs and fowl were never in- 
troduced into Australia. The presence of pigs indicates 
cultivation, because this animal is usually fed on agri- 
cultural crops, here probably sugar cane, sago, yams, 
bananas, and taro (Irwin 1980). Pigs have an especially 
important role in Melanesian society, much greater than 
their potential role in meat supply. Women dedicate much 
time to growing pigs and caring for them individually. 
This care includes breastfeeding pigs, often along with 
the woman’s babies, so that pigs do not break their milk 
teeth, greatly valued as ornaments. Pork-eating in special 
ceremonies is a major use of pigs. There are contradic- 
tory reports about the first time of entry of pigs to New 
Guinea: they might have been introduced by 6000 B.P. or 
possibly earlier (Spriggs 1984). According to Bellwood 
(pers. com.) a date of 2000 B.p would fit the linguistic 
data better. 


7.2.b. OCCUPATION OF THE PACIFIC 


Both archaeology and linguistics have shown conclu- 
sively (Bellwood 1979) that the settlers of Microne- 
sia had a different origin from those of Polynesia. 
Western Micronesia (Palau, Marianas, and possibly 
Yap) was probably settled directly from Indonesia 
or the Philippines, whereas eastern Micronesia (Nu- 
clear: Caroline, Marshall, Nauru and Gilbert Islands: 
see Spriggs 1984) may have been settled from Melane- 
sia, possibly Fiji. Fiji shares cultural similarities with 
Polynesia, with which it may share origins, but the sim- 
ilarities were attenuated in the very long separation that 
followed. 

In the Marianas, the earliest archaeological record 
shows pottery likely to be of central Philippine origin 
(1500 B.c.: Bellwood 1979). There are no known B.c. 
dates for Palau or Yap. The latter island was, at the time 
of European contact, the head of the Yapese empire. 

A major eastward expansion began around 3600 years 
ago and is tied to a new culture, called Lapita from the 
name of an archaeological site in New Caledonia (Bell- 
wood 1979). From insular Southeast Asia, it was spread 
first to Melanesia and then to the whole Pacific Ocean 
in the next 2500 years by very mobile sea colonists with 
skills in agriculture and pottery. There is reasonable con- 
sensus (Bellwood 1979) that Lapita potters spoke Aus- 
tronesian languages and were responsible for their first 
arrival in Oceania. The earliest decorated Lapita ceram- 
ics have very characteristic motifs, which are found from 
New Guinea to Samoa. Lapita voyagers also transported 
obsidian between islands and created characteristic tech- 
niques of nonceramic assemblages. On the basis of ce- 
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ramic features, it has been suggested that Lapita pot- 
tery, culture, and the people who carried them around 
the Pacific had their origin in northeastern Indonesia or 
the Philippines (if not in China) (Bellwood 1979). In 
many coastal regions of Melanesia, the Lapita potters 
lived side by side, and sometimes mixed with, the ear- 
lier Papuan inhabitants. In these areas, the two language 
families are still spoken to this day (see fig. 7.2.2). 

The secondary Austronesian expansion from Melane- 
sia to Polynesia was probably made possible by a major 
invention, the outrigger, which gives considerable sta- 
bility to a canoe. In insular Southeast Asia a double out- 
rigger is used (one on each side of the hull), but in the 
open ocean a single outrigger is preferred. In addition to 
these sailing canoes, skills in navigation and coloniza- 
tion were essential. Other forms of canoes were devel- 
oped, like the double canoe with two hulls of equal size 
and the big war canoes, single- or double-hulled, with 
paddlers (Bellwood 1979). 

The following shows the sequence of the occupation of 
Polynesia (on which there is only incomplete agreement) 
(Bellwood 1979, 1989); see figure 7.2.3. 


Tonga: before 1200 B.c., settkement of Lapita potters 

Samoa: settled from Tonga 1000 B.c. 

Marquesas: from Samoa (not exclusively), a.p. 200-300 

Hawaiian Islands: from Marquesas, A.p. 500-600 

Society Islands: from Marquesas, a.p. 800 

New Zealand : from Society islands, a.p. 800-1100 

Easter Island: the most eastern and most highly isolated 
island, from Marquesas, a.p. 500. 


" Isolates 
Arai CL] Uninhabited areas 


Fig. 7.2.2 Modern distribution of Papuan 
(New Guinean) and Austronesian languages 
in New Guinea and nearby islands (after 
Wurm and Hattory 1983). 


The Polynesian colonization of the Pacific thus took 
about 2500 years and was complete by the year a.D. 
1000. A suggested scenario (the “express train” to Poly- 
nesia, see summary by Diamond 1988) assumes that the 
ancestors of the Polynesian culture came from insular (or 
perhaps even mainland) Southeast Asia. In the Philip- 
pines and Sulawesi, artifacts resembling Lapita ones 
were found (see fig. 7.2.3). From there a major step for- 
ward may have been through Halmahera, Waigeo (north- 
ern Moluccas), Biak, and other islands to the Bismarck 
islands, where in Mussau the largest known Lapita site 
was recently discovered, with already developed agri- 
culture and animal husbandry. Unlike other Bismarck 
islands there is in Mussau no sign of earlier, Melane- 
sian arrivals; this island is relatively isolated from the 
neighboring ones, indicating that early Polynesians could 
reach islands farther away and out of sight, thanks to 
better navigation and sailing techniques. The Mussau 
site was dated to around 1600 B.c., as early as the other 
Lapita sites, which are all located farther east (New Cale- 
donia, Fiji, Samoa, and Tonga). These islands are be- 
lieved to have been first settled by Polynesians, and only 
later by Melanesians. Figure 7.2.3 also shows the last 
step of the eastward, northward, and southward Polyne- 
sian expansion from the Tonga-Samoa-Fiji triangle, the 
dates for which were indicated above. 

At the time of European contact, the largest popula- 
tions were those of the biggest islands or archipelagoes, 
Hawaii (perhaps 200,000) and New Zealand (100,000- 
150,000; Bellwood 1979). Most Polynesian societies 
were highly stratified. From the point of view of genetic 
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found. 
evolution, there are three important considerations: (1) some cases were dramatic, especially on smaller islands 
the initial size of founders was probably relatively small more exposed to damage by typhoons (see Morton et 
in most instances and is not known; (2) there were fre- al. 1972 on the Micronesian island Pingelap); (3) there 


quent later bottlenecks in population history, which in often were later additions by subsequent migrations. 


7.3. PHYSICAL ANTHROPOLOGY 


The oldest human remains (sec. 7.2.1) are considered 
by most archaeologists to belong to anatomically modern 
humans and are similar to modern aborigines, but a dis- 
concerting difference is found between them and a rich 
collection of skeletons detected at Kow Swamp, not far 
from Melbourne (see fig. 7.2.1) dated between 15,000 
and 9000 years ago (Kirk and Thorne 1976; Thorne 
1980). The Kow Swamp humans are large and more ro- 
bust, with a marked prognathism. It 1s somewhat para- 
doxical that a more rugged type is found at a time inter- 
mediate between the early and the modern forms, which 
are both gracile. Recent dating by ESR (election spin res- 
onance) suggests both robust and gracile were present in 
the same area 25-30 kya (Mellars and Stringer 1989, p. 
11). Thorne (1980) and Wolpoff et al. (1984) postulated 
that the Kow Swamp remains and two other skulls, one 
from Queensland and another from Western Australia are 
descendants of an earlier Indonesian type of H. erectus. 
Brown (1987) hypothesized that both gracile and robust 
Australian remains are part of a single continuous range. 

Birdsell advanced the view (for a summary, see Bird- 
sell 1979) that there were three distinct migrations to 
Australia. The first was of Oceanic Negritos, who sat- 
urated the area, but were replaced by later migrants or 
mixed with them. Today, Negritos are still found in the 
Andamans, in Malaysia (the Semang), and in the Philip- 
pines (Aeta). They are small, dark-skinned, have pep- 
percorn hair and, at least in the Andamans, steatopygia, 
the last two characters being found also among African 
Bushmen and African populations with whom the Bush- 
men are likely to have exchanged genes. In Australia 
the aboriginal type is reasonably homogeneous and un- 
like the Oceanic Negritos. There are, however, a few 
exceptions: for example, 12 tribes of small aborigines 
living in a forest area near Cairns (Northeast Queens- 
land) show a high frequency of Negritoid hair forms, 
also common among Tasmanians. 

In Birdsell’s model of Australian settlement, the sec- 
ond migration, that of Murrayians, swamped and re- 
placed the first wave of migrants. Murrayians are so 
named because their physical type would correspond to 
that of historical aborigines, such as those present in the 
Murray River basin, in the southeast. The third wave is 


7.4. LINGUISTICS 


At the time of European contact, there probably lived 
in Australia some 200,000—250,000 aborigines (Jones 
1970). This population size may have been near satu- 
ration capacity. In 1980 there were 205,000 aborigines, 
only a small fraction of whom speak original Australian 
languages or are considered “‘full-blood.”” About 7500 


AUSTRALIA AND NEW GUINEA 349 


named Carpentarian from the Gulf in the north of Aus- 
tralia. It is at the moment difficult to judge the validity of 
this hypothesis. Perhaps some support for the two latter 
waves comes from the linguistic divisions of Australian 
languages, as discussed below. 

According to Howells (1989), Tasmanian skulls are 
more similar to those of Melanesians than to those of 
Australians. There is again some linguistic support to 
this claim because the Tasmanian language belongs to 
the Indo-Pacific family, spoken in New Guinea, and not 
to the Australian group. 

Modern Australians have variable stature with a leaner 
body build in the northern part and greater hairiness in 
the south; skin is nearly black in the north, and brown 
in the south. Eyes are brown and hair is black, but in 
the desert hair is often blond. Negroid hair is found only 
in some coastal tribes and was common in Tasmania. 
All Tasmanians of full descent are extinct today (see 
Diamond 1991) and the Melanesian phenotype has been 
altered by intermarriage with ancient Micronesian and 
Polynesian populations. 

In New Guinea, the type is Australoid with some 
differences. Hair is tightly curled, and the nose is 
bridged (found in Australia only in the desert). There 
are some “Pygmy” tribes, especially on the highlands. 
New Guineans are reminiscent of Oceanic Negritos. It 
is possible that the Negritic type shows a better adapta- 
tion to tropical climates (Omoto 1985). In the other is- 
lands of Melanesia, the phenotype is similar to the New 
Guinean, although it is sometimes diluted. The Papuan 
curved nose is not the rule, and the skin may be lighter, 
though still brown. 

The Polynesians are brown, of medium stature, usually 
thickset, with curly to straight hair and facial features 
with a diluted Mongoloid type. They vary considerably 
from island to island. 

The Micronesians are usually smaller and even more 
variable than the Polynesians. In Yap the type is Aus- 
traloid. There is some frizzy hair and some individuals 
look more Mongoloid than the Polynesians. 

These classical anthroposcopic observations are basi- 
cally confirmed by recent multivariate analyses of an- 
thropometrics and skull measurements (Howells 1989). 


aborigines still live in nearly traditional conditions in an 
area of the Northern Territory, thanks to a recent initia- 
tive of the Australian Government. Until the middle of 
the present century, the dominant policy was compara- 
ble to the traditional one of the United States toward 
American Indians, perhaps even harsher, but it has be- 
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come much more enlightened in recent years. In Tasma- 
nia, there lived around 4000 people; the last one of full 
descent died in 1876. Disease and genocide have con- 
tributed to the thinning and extinction of many aboriginal 
groups (Diamond 1991a). 

Three different language groups constitute the Pacific 
languages: 


1. Many languages were spoken by Australian aborigines, 
who are believed to have begun penetrating into this area 
more than 40 kya and perhaps 55 kya (see sec. 7.2). 

2. The Papuan languages form the Indo-Pacific family ac- 
cording to Greenberg (see Ruhlen 1987) and were spoken 
in most of New Guinea, but also in the Andaman Islands, 
with the oldest dating back about 15 kya or earlier (see 
Wurm 1982). 

3. The largest and geographically most widely extended 
group, the Austronesian languages, are spoken from 
Madagascar to Polynesia. They probably started spreading 
from or through the Formosa-Philippine region about 5000 
years ago, penetrated into Melanesia about 3500 years 
ago, and into Polynesia 2000 years ago (Tryon 1985). 


About 170 Australian languages are still spoken, some 
by extremely few people, and all except perhaps 50 are 
likely to be extinct within the next two generations 
(Ruhlen 1987). Originally there were 400-500 different 
languages, judged on the basis of the number of tribes, 
each of which usually had a distinctive language (Dixon 


1980). The classification of these languages is not en- 
tirely satisfactory, but it is believed by most that they 
all had a common origin. One large subfamily (Pama- 
Nyungan) is spoken in almost all of Australia except 
the central north (see fig. 7.4.1), where 14 subfamilies, 
most of which include only 2 or 3 languages, are present 
according to Ruhlen. 

There is an approximate geographic correspondence 
between the Carpentarian immigration wave postulated 
by Birdsell (1977; sec. 7.3) and the non-Pama-Nyungan 
languages, and between the Murrayian wave and the 
Pama-Nyungan languages. The extreme fragmentation of 
the former subfamily, which occupies a relatively small 
area in the north of the continent, would seem, however, 
to suggest that the non-Pama-Nyungan speakers settled 
earlier, in contradiction to Birdsell’s model. 

New Guinea and the rest of Melanesia speak mostly 
languages belonging to the Indo-Pacific family, also 
called Papuan. This large group of more than 700 lan- 
guages includes Tasmanian and Andamanese, but, as in 
the case of Australia, the bulk of languages is classified 
in one large subfamily, the Trans-New Guinea phylum, 
including over 500 languages (see fig. 7.2.2). Half of 
these belong to the Main Section, which includes the 
Highlands and the rest of the mountain chain. 

The other New Guinea languages are distributed in 
10 subfamilies, of which Sepik-Ramu (about 100 lan- 
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guages) and Torricelli (about 50) are the richest. Melane- 
Sia was, at contact, much more populous than Australia; 
the lack of obvious riches and the tropical climate made 
it less attractive to European settlers. It is believed there 
were about one and a half million inhabitants at first Eu- 
ropean contact in the sixteenth century, about a million 
in New Guinea and the rest in the islands. The ecologi- 
cal conditions and the early development of horticulture 
made it possible for this population to reach much higher 
densities than in Australia. West Irian or Irian Barat is 
even now mostly undeveloped. Australian influence in 
the eastern part of New Guinea and neighboring islands, 
which began at the end of the last century, was mostly 
benign. It spread slowly to the interior, and at the time 
of a visit to the New Guinea highlands by the senior au- 
thor (1967) many populations in the southwestern part of 
Papua New Guinea were still not “pacified”; that 1s, con- 
trol by Australian authorities had not been established, 
and traditional customs including head-hunting had not 
been eliminated. Other Melanesian islands like Fiji and 
New Caledonia received relatively large numbers of In- 
dian and European immigrants, respectively. 

Languages of another family, Austronesian, are also 
found in Melanesia. Austronesian (almost 1000 lan- 
guages) is a subgroup of Austro-Tai (itself a subfamily 
of Austric) and includes two groups. 


1. A Western group (with more than 500 languages and over 
250 million speakers) ranges from Indonesia, the Philip- 
pines, and the Southeast Asia mainland (southern Viet- 
nam, Cambodia) to Madagascar. The languages spoken 
in western Micronesia (Chamorro, Palauan, Yapese) also 
belong to this branch. 

2. Over 400 Austronesian languages called Eastern, or 
Oceanic, are spoken by one and a half million people in 
Melanesia, Micronesia, and Polynesia. They were clearly 
spread by the Indonesian voyagers who populated the 
Pacific islands and, in the process, passed their linguistic 
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heritage to people of the north coast of New Guinea, most 
other Melanesian islands, eastern Micronesia, and the 
Central Pacific, that is, Polynesia (including Fiji, which 
is classified geographically as Melanesia but is on the 
boundary with Polynesia). 


Especially in the smaller Melanesian islands, but also 
in parts of New Guinea, there is a major linguistic divi- 
sion between Austronesian (AN) and non-Austronesian 
or Indo-Pacific (NAN) speakers. 

Thus, about 1800 languages belong to the Pacific area, 
close to a third of all the languages in the world. Almost 
all of these languages, except for the less than 40 Mi- 
cronesian and Polynesian languages, are in the south- 
western and western corners of the Pacific, the area of 
greatest concentration of different languages in the en- 
tire world. The recognition of Austronesian loanwords 
in Papuan languages located in areas geographically far 
removed from Austronesian languages today helped to 
trace language migrations within the New Guinea main- 
land. It seems plausible that an east-to-west migration of 
speakers of Papuan languages started about 3500 years 
ago around the Markham valley in northeastern Papua 
New Guinea. This migration may have occurred in re- 
sponse to pressure from an aggressively spreading Aus- 
tronesian population with whom the Papuan speakers 
had sufficiently long and intensive contact to borrow a 
considerable number of Austronesian words, including 
personal pronouns (Foley 1986). Such a migration ap- 
pears to have been preceded by an earlier, west-to-east 
“main” migration that spread the ancestral languages of 
the largest Papuan language group (Trans-New Guinea 
Phylum) through four-fifths of the New Guinea mainland 
(about 5000 years ago). This earlier migration is also 
suggested by the presence of Austronesian loanwords of 
a more archaic type that seems to form a deep linguistic 
substratum of the New Guinea mainland (Wurm 1982). 


7.5. GENETIC POPULATION STRUCTURE IN OCEANIA 


Much of our present knowledge of the genetics of 
Oceania comes from work done in the laboratories of R. 
T. Simmons (compendia in Simmons [1962] and Sim- 
mons and Booth [1971]) and of R. L. Kirk (summaries 
in Kirk 1965, 1969; Sanghvi et al. 1971). In the multi- 
tude of small islands of the Pacific Ocean, there has been 
extraordinary opportunity for random genetic drift. In 
addition, Australia and New Guinea are of unique inter- 
est in having been, at first European contact, at economic 
stages of development that had been replaced thousands 
of years ago in other parts of the world. Although Aus- 
tralians were, in a way, contemporary examples of Paleo- 
lithic hunter-gatherers, New Guineans had been through 
a Neolithic revolution but had not reached the age of met- 
als. They represented (and still do, in part of the island) 


modern examples of Neolithic horticulturalists. To the ex- 
tent that their organization has not been overly changed, 
they thus are extremely interesting from a genetic and an- 
thropological point of view. Only some populations in the 
South American tropical forest live in conditions similar 
to those of New Guinea populations. In no other place 
can one find almost intact ways of life that disappeared 
from Europe and most of Asia thousands of years ago, 
and from Africa centuries ago. Australian aborigines sup- 
ply instead examples of Paleolithic ways of living, but 
only a small group is still relatively unacculturated. In 
Africa one finds hunter-gatherers who cannot, however, 
be considered perfect examples of Paleolithic life. 

From the point of view of population structure, in- 
formation on tribal customs, demographic properties, 
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and especially migratory exchanges can therefore be ex- 
tremely interesting. The basic problem, what fraction of 
genetic variation is due to differential natural selection 
or random genetic drift, requires knowledge of these fac- 
tors. No current demographic information can be consid- 
ered truly satisfactory from a genetic point of view, but 
at least some approximate estimates exist and are worth 
considering. There is still a chance of collecting more in- 
formation, as some thousands of Australian aborigines in 
the Northern territory live more or less undisturbed, and 
much of western New Guinea is almost virgin land. The 
majority of Oceania has, however, been affected from a 
demographic point of view by European contact and by 
post-contact migrations. The numbers of inhabitants that 
we cite below (taken mostly from McEvedy and Jones 
1978) refer as much as possible to populations before 
contact, but are inevitably very approximate. Modern 
numbers of speakers are taken from Grimes (1984). 

The work by Tindale on Australian tribes has gener- 
ated basic information (summary in 1953), and subse- 
quent work by Birdsell (1957,1977) has clarified some 
demographic and ecological aspects that are of consider- 
able interest. Birdsell has noted that the Australian tribes, 
defined on the basis of linguistic and territorial criteria, 
have a modal census size of about 500. Doubts have 
been expressed about the validity of the territorial defi- 
nition of the tribe (see answers in Birdsell 1977), but in 
any case the linguistic definition seems more important. 
Tribes are mostly, but not entirely, endogamous; and an 
estimate indicates that, on the average, 15% of marriages 
are (were) mixed. Exogamy varies between tribes from 
7% to 21% and is equivalent to 3.5%-10.5% migration 
per generation (Tindale 1953). 

Marriage may not be the only cause of intertribal 
migration, but it is likely to be a major one. Birdsell 
also found that hunting bands (exogamous in principle) 
are an average size of 25. The numbers 25 and 500 
were called “magic” and “mystical” (see Lee and De- 
Vore 1968), but they seem to agree, with some variation, 
with most ethnographic data from other populations (see 
Cavalli-Sforza 1986b). The effective population size N, 
is smaller than the census size by a factor of one third 
(Cavalli-Sforza and Bodmer 1971la). With this N. and 
moderate migration rate, random genetic drift is likely 
to be important; we noted in chapter 2 that all measure- 
ments of genetic variation confirm this hypothesis. 

In Melanesia, the number of non-Austronesian speak- 
ers was about one million before the demographic in- 
creases that followed European contact. With over 700 
languages, equating the language to the tribe gives 
about 1300 individuals per tribe, but there is consider- 
able size variation. Estimates of intertribal migration are 
scanty (for a detailed summary of biological research in 
Bougainville, see Friedlaender 1975, 1987). Moreover, 
tribes do not necessarily have a simple structure. For 
instance, the Bundi tribe comprises over 4000 people, 


subdivided into 14 clans that are exogamous only if they 
are small, with exogamy decreasing regularly with in- 
creasing size of the clan (Malcolm et al. 1971). 

In Polynesia and Micronesia, the situation varies con- 
siderably with the size of the island. The largest islands, 
New Zealand (consisting of two major islands) and the 
Hawaiian archipelago, each had about the same num- 
ber of inhabitants as the total for Australia. Thus, at 
European contact, New Zealand had a population den- 
sity about thirty times higher than that of Australia. 
In the eighteenth century, however, 80-90% of Maoris 
were living in the agricultural regions of the northern 
North Island. The South Island was inhabited basically 
by hunter-gatherers because of the cold climate (Bell- 
wood, pers. communic.). The Hawaiian Islands had a 
population density 15—20 times higher than that of New 
Zealand. New Guinea was probably about as densely 
populated as New Zealand at the time of contact. These 
differences reflect ecological conditions, history, and es- 
pecially the level of development of agriculture, which 
was completely absent in Australia, but was more ad- 
vanced in Polynesia than in New Guinea. Tasmania had 
a population density comparable to that of England in 
the Mesolithic (see chap. 5). 

In the rest of the Pacific islands there are perhaps 
100,000 Polynesians; the most populous islands are 
Tonga, Samoa, and Tahiti. Many islands of the Pacific 
Ocean have very small populations, some fewer than 
100 inhabitants. Even when the number of present-day 
inhabitants is relatively large, the number of founders 
must have been very small. After the first settlement, the 
islanders of many atolls are likely to have gone through a 
number of population bottlenecks, mostly because of ty- 
phoons. In the atoll of Pingelap in Micronesia, the mod- 
ern population is about 1600 people; one of the many 
typhoons which plague these islands took place in 1775 
and caused a very serious famine, leaving perhaps 30 
survivors (Morton et al. 1972). 

The populations of the smaller islands are obviously 
expected to have undergone considerable random genetic 
drift. Does the same occur for languages? Little empir- 
ical information is available on this point. A source of 
potential confusion is the use of the word “drift,” which 
has different meanings in linguistics and genetics. This 
word was proposed by Sapir (1921) to describe a trend in 
linguistic change, especially phonetic, observed to recur 
in different languages. “Evolution” is another word that 
has different meanings in the two disciplines; in linguis- 
tics, evolution is usually taken to involve “progress,” 
and the word “change” is preferred. In the microevo- 
lutionary changes observed during modern human de- 
velopment, there is little chance of observing progress, 
especially when the major evolutionary factor is random 
genetic drift. Migration and statistical fluctuations result- 
ing from small population size counterbalance each other 
in biology; do they do so in linguistic evolution? There 


may be similar effects of isolation by distance in the 
two situations, suggesting some analogy. An investiga- 
tion of the Micronesian islands (Cavalli-Sforza and Wang 
1986) showed that linguistic similarities between islands 
followed the model of isolation by distance developed 
for genetic variation (summarized in sect. 1.16), with a 
complication caused by the strong variation of rates of 
change for different words. 

When the population of a small island diverges from 
that of the population of origin in conditions of complete 
genetic isolation (no migration), d, the genetic distance 
between them, increases in direct proportion to the time 
of separation and inversely proportional to twice N,, the 
effective population size: 


a= tf 2Ne, 


where ¢ is the time of separation in generations. This for- 
mula is valid for small distances; otherwise, the relation- 
ship is slightly more complicated. In this simple formu- 
lation (see sect. 1.4), if Ne is 10 times smaller, genetic 
distance increases 10 times faster. When there is also 
migration, the rate of change decreases as migration in- 
creases. Furthermore, when JN, is smaller, migration may 
tend to be larger, partially compensating for the greater 
drift when Ne is small. Among other complications are 
later major population movements, which may more or 
less radically change the ethnic composition of an island. 
This must have happened repeatedly in the settlement of 
Pacific islands, making the analysis of genetic differen- 
tiation complicated. We have already noted in chapter 2 
that the branch of the tree leading to the Polynesian 
islands is perhaps 10 times too long. Given the small 
size of many Polynesian islands, there may have been 
extreme drift which may have been only partly coun- 
teracted by taking averages over many islands. Another 
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factor may have affected the length of the branch lead- 
ing to Polynesians. Depending on the method of tree re- 
construction used, an early admixture (perhaps between 
Melanesian and Southeast Asian populations) can give 
rise to a very short branch (with methods allowing vari- 
ation of branch length) or a too early date of separation 
with methods forcing constant evolutionary rates. 

We have already seen in chapter 2 that New Guinea 
and Australia are widely separated genetically and that 
Polynesia, Micronesia, and Melanesia tend to form a 
small cluster that shows similarities with both New 
Guinea and Southeast Asia, associating with one or the 
other depending on methods of analysis. This is a strong 
indication that important admixtures have occurred be- 
fore and after the common origin. Perhaps the most im- 
portant admixture was between Melanesian and Polyne- 
sian ancestors. Melanesians were responsible for a first 
spread from New Guinea to the nearer Pacific islands. 
Polynesian ancestors probably came originally from the 
mainland of Southeast Asia through the Philippines and 
Indonesia and spread much later than the Melanesians, 
first through islands already occupied by Melanesians 
and then to the outermost islands of the Pacific Ocean 
(Pawley and Green 1985). 

A recent and very comprehensive book edited by Hill 
and Serjeantson (1989) on the colonization of the Pacific 
includes chapters that extensively summarize present ge- 
netic knowledge of the area. In particular, Kirk (1989), 
who is responsible for much population-genetic work in 
Oceania, analyzed red-cell antigen, serum protein, and 
enzyme systems of the Pacific, and Serjeantson (1989) 
analyzed HLA data; other authors considered other ge- 
netic systems. In the following section we treat sepa- 
rately Australia, New Guinea, and the islands of the Pa- 
cific Ocean, with the various methods of analysis used 
in the earlier chapters. 


7.6. POPULATION GENETICS AND SYNTHETIC MAPS OF AUSTRALIA 


The genetic picture by tribe is highly fragmentary, 
given the amount of drift. Moreover, southern areas have 
almost no aborigines today, but their original location is 
at least approximately known on the basis of Tindale’s 
(1953) work. It is, however, safer to consider the south 
of Australia empty and all map values an extrapolation 
with all the uncertainties tied to extrapolations. Genetic 
drift was strong in Australia but not as much as in South 
America, judging from average F's, values, which is, 
at the original sample level 0.066, 0.050, 0.084 in Aus- 
tralia, New Guinea, and the Pacific islands, respectively. 
The Pacific islands’ high value can be imputed not only 
to drift but also to the participation of different, and very 
incompletely admixed, ethnic groups. 

Genetic distances from which the tree is calculated are 
shown in table 7.6.1. The average number of genes in- 


Table 7.6.1. Genetic Distances (x 10,000) between Major 
Geographic-Linguistic Groupings of Australian Aborigines (in the 
lower left triangle of the matrix) and Their Standard Errors (in the 
upper right triangle of the matrix) 


NTU WTN CPN NPN QPN WPN 


NTU 0 76 109 72 200 116 
WTN 180 0 146 55 483 79 
CPN 293 429 0 75 252 129 
NPN 258 223 268 0 448 97 
QPN 551 602 872 779 0 422 
WPN 354 393 394 381 1154 0 


Note.— NTU, Northern Territory, language or tribe unspecified; 
WTN, Western Territory, non-Pama-Nyungan language speakers; 
CPN, Central Territory, Pama-Nyungan languages; 
NPN, Northern Territory, Pama-Nyungan language speakers; 
QPN, Queensland, Pama-Nyungan speakers; 
WPN, Western Territory, Pama-Nyungan speakers. 
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Western Territory, non-Pama-Nyungan 
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Northern Territory, Pama-Nyungan 
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Western Territory, Pama-Nyungan 
Queensland, Pama-Nyungan 
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vestigated was 58. A reconstruction of the history of the 
continent was attempted by tree analysis of the major 
regions for which enough data were available: Northern 
Territory, Queensland, Central, and Western Australia. 
For Western Australia, it was possible to separate tribes 
speaking Pama-Nyungan and non-Pama-Nyungan lan- 
guages. For the Northern Territory, we separated tribes 
speaking Pama-Nyungan from tribes speaking uniden- 
tifiable languages that are probably non-Pama-Nyungan 
(fig. 7.6.1). 

The tree shows a definite outlier, the Queensland 
tribes, which speak a Pama-Nyungan language. There 
are at least two possible explanations for their position. 
They are not mutually exclusive and may even have 
some common elements. Being nearest to New Guinea, 
Queensland people may have had more exchange with 
this island than was true of other parts of Australia. This 
hypothesis, however, finds no support in an analysis of 
contemporary New Guinea data (see table 7.7.3). An- 
other hypothesis is generated by the existence of a group 
of Negritic tribes in Queensland, which suggests an older 
heterogeneity. This might agree with the first migration 
wave proposed by Birdsell (1977), which, however, he 
assumed was swamped (perhaps not entirely) by later 
migrations. 

The most internal cluster in the tree corresponds to the 
Northern Territory plus the non-Pama-Nyungan tribes on 
the northern part of the Western Territory. This is in some 
contrast to the fact that this area has the greatest linguistic 
heterogeneity. 

The PC map does not add anything to the tree and 
is omitted. The synthetic maps based on all the 38 
genes represented in the second part of the book except 
G6PD «def and IGHG1G3*fa;b0b1b3b4b5 (see Table of 
Genetic Maps) are more informative. The fraction of 
variance explained by the first five PCs is given in 
table 7.6.2. They account cumulatively for 83.3% of 
the total variance. The genes contributing mostly to the 
major PCs are given in table 7.6.3. 


Table 7.6.2. Percentage of Total Variance Explained by the First 
Five Principal Components in Australia 


Principal % of Total Principal % of Total 
Component Variance Component Variance 
1 43.8 4 6.4 
2 16.3 5 5.3 
3 115 


Fig. 7.6.1 Genetic tree of six major 
geographic-linguistic groups in Australia. 


The first synthetic map of Australia (fig. 7.6.2.A) 
shows a difference between north and southwest, with 
a peak in northern Queensland. The minimum in the 
southwest is not reliable since there are practically no 
aboriginal populations left there at their original loca- 
tions. The lesson from this map is that Queensland is 
not as sharply different from the northwest as the tree of 
figure 7.6.1 would simplistically imply. Genes contribut- 
ing mostly to this PC are ABO, RH, and some enzymes. 
The poverty or absence of data in the south makes the 
southern minimum doubtful. 

The contrast between the western and the eastern 
portion is highlighted in the second synthetic map 
(fig. 7.6.2.B). The western minimum is found in the 
northern part of the Western Territory, where most non- 
Pama-Nyungan languages for which data were available 
are located. Genes contributing here are mostly MNS 


Table 7.6.3. Genes Showing the Highest Correlations with the 
Most Important Principal Components in Australia 


Range of 
Correlation 
Coefficient 


P.C. Genes 


1 1.00-0.90 (+) ABO+*0O, RH*CDe, RH+*cDe 
(-) ABO*A, RH*cDE, RH*E 
0.90-0.80 (+) RH*C 
(-—) PGM1+#1 
0.80-0.70 (+) ABO*B, CHE1*U, PGK1*1, PGM2+*1 
(-) ABO*A1, PGD*A 


2 0.80-0.70 (+) MNS+*Ns 
(-) IGHG1G3+*Za;b0b1b3b4b5 
0.70-0.60 (+) KM*(1&1,2) 
(-—) MNS*Ms, P1*1 
0.60-0.50 (+) IGHG1G3*za;g, |IGHG1G3*zax;g 
ee ie 
3  0.90-0.80 (+) ACP1*B 
-) — 
0.80-0.70 (+) — 
‘a ome 
0.70-—0.60 (+) CHE2*(+), MNS*S 
= 
0.60-—0.50 (+) RH*CDE, ESD*1 
oka 
0.50-—0.40 (+) GC*1, MNS*M 
(-) ADA*1 
Note.— Genes giving positive or negative correlation values are indicated by 
(+) or (—), respectively. 
* P.C., Principal component. 
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Fig. 7.6.2.A Synthetic maps of 
Australia and New Guinea obtained 
with the first principal component. 
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and immunoglobulin genes. The southern minimum is 
not considered. 

The third map (fig. 7.6.2.C) contrasts the central area 
with minima in the southern part of Queensland and 
in the central western part. Mostly enzymes determine 
this component, in particular ACP/ *B which, however, 
shows in general little variation in Australia, as seen in 
the single-gene maps. It may partly reflect a selective 
response to climate. 
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Fig. 7.6.2.B Synthetic maps of 
Australia and New Guinea obtained 
with the second principal component. 
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It is difficult to link the synthetic maps with any mi- 
gration wave, since none is well ascertained. However, 
the synthetic map of the second PC is in some agree- 
ment with the essence of the linguistic picture and with 
the second and third waves hypothesized by Birdsell. 

A major problem of interest for the general history of 
world migrations is the possible similarity of some relic 
populations in South and Southeast Asia with Australian 
aborigines on one side, and Africans on the other. These 
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Fig. 7.6.2.C Synthetic maps of 
Australia and New Guinea obtained 
with the third principal component. 
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populations are interesting because they might be evi- 
dence for a southern route of migration from Africa to 
Australia. They are often called Australoid, and some 
of them are given more specific names like Veddoid, 
Negritos, pre-Dravidian, etc. (see secs. 4.5, 4.6, 4.13, 
and 4.14). The resemblance of these populations to 
Africans or Australians is based on superficial, anthro- 
poscopic characters, skin color, hair or body shape, and 
there is always the suspicion that they are the product 
of convergence because of a common climate. Thus far 
genetic data have not helped to recognize a relationship; 
see for example, research by Kirk in India (sec. 4.14; 
also Kirk and Thorne 1976; Kirk and Szathmary 1985) 
and by Omoto (1985) on Negritos (sec. 4.13). Research 
using gene frequencies on genes subject to bilinear in- 
heritance and underlying recombination may not be the 
most suitable means of solving similar problems; genetic 
systems under unilinear inheritance like mtDNA and seg- 
ments of the Y chromosome might be more useful. 
Table 7.6.4 shows the genetic distances between two 
‘‘Australoid” populations studied reasonably well genet- 
ically: Kadar from Kerala, India, and Negritos from the 
Philippines. Their potential genetic relatives in Asia and 
Australia are also given. They clearly show greater sim- 
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Table 7.6.4. Genetic Distances (x 10,000) (+ standard errors) 
between Three Australoid Populations from South India Kadar and 
Philippine Negritos, and Other Possible Relatives from Oceania, 
Africa, and Asia 


Kadar Negrito 
India 554 + 101 1031 + 290 
Dravidian 610 + 160 893 + 192 
Indonesia 598 + 198 1054 + 362 
Malaysia 2176 +1031 764 + 159 
Philippines 1169+ 777 345 + 82 
Australia 1983 + 535 1714 + 513 
New Guinea 1826 + 789 1589 + 367 
San 3018 +1111 1256 + 326 
West Africa 3247 +1190 2210 + 680 
Kadar 0 1550 + 857 


ilarity to their neighbors in India or Southeast Asia than 
to New Guineans or Australians. Their similarity to the 
latter two populations is sometimes even smaller than 
that to representatives of the African continent. The sep- 
aration is clearly too great and the gene flow from neigh- 
boring populations too important to find a significant re- 
lationship with the present data by this method. 


7.7. POPULATION GENETICS AND SYNTHETIC MAPS OF NEW GUINEA 


Thanks to the extensive scientific travels of C. Gaj- 
dusek and to the laboratories from Australia and else- 
where collaborating with him, a fairly large number of 


New Guinean tribes have been tested for many genes, 
but genetic knowledge is not homogeneously distributed. 
The Australian moiety is better investigated than Irian 


Jaya, and the Eastern Highlands in particular have been 
fairly intensively covered. In spite of this remarkable 
work, our genetic understanding remains incomplete. 
The linguistic information is also potentially confus- 
ing. Interesting cases of rapid language replacements in 
New Guinea caused by, for example, various types of 
word taboos have been shown by Wurm (in press). With 
complex genetic and linguistic patterns, and potentially 
volatile mechanisms of change, it is not too surprising 
if it is difficult to correlate them in any simple way. An 
added complication is that Austronesian languages are 
also found on the coastal plains, especially in the north. 

Several microgeographic studies in Melanesia take 
into account both genetics and linguistics. Perhaps the 
most complete is by Friedlaender on Bougainville in the 
Solomon islands (1971, 1975, 1987). The correlation 
between genetic distances and linguistics was 0.53 (the 
average of two measurements of genetic distance, com- 
pared with 0.39 between genetics and anthropometrics, 
0.38 with geography, and 0.35 with migration). He also 
concluded “that language boundaries per se do not pro- 
vide a long-term barrier to marriage migration.” In thou- 
sands of years of genetic exchange between neighbors 
speaking different languages, much of the original ge- 
netic differences have disappeared, and new ones have 
been generated by drift. Languages have also changed 
and may have even been replaced. Such complexity may 
some times be beyond the analytic means, when there is 
no historical information to explain unexpected discrep- 
ancies. 

In an accurate survey of linguistic and genetic dif- 
ferentiation in New Guinea, Serjeantson et al. (1983) 
have summarized a number of earlier attempts at in- 
vestigating this problem that suffer from the use of a 
single gene: GM, the allele AB (for aborigine) of GC, 
or a Gerbich blood-group allele. Other more recent in- 
vestigations have used haplotypes of the $-globin re- 
gion detected by DNA restriction analysis, a relatively 
powerful genetic system, but potentially subject to in- 
completely understood natural selection. In general, it 
is extremely unlikely that a single gene can completely 
resolve the problem. Clearly, the more complex a situ- 
ation, the more necessary it is to resort to multivariate 
analysis using as many genes as possible; even then the 
number of markers may be critical. 

Serjeantson et al. (1983) also reported on their own in- 
vestigations, carrying out microgeographic comparisons 
of genetic and linguistic similarity on the north coast of 
Papua New Guinea, where Austronesian (AN) and non- 
Austronesian (NAN) languages are found side by side. 
They found considerable overlap of genetic and linguis- 
tic classifications. Five AN linguistic groups are spread 
almost randomly among 12 NAN groups in the genetic 
tree formed from these 17 groups. In the region that 
underwent more detailed study, the Bogia subprovince 
(east of the mouth of the Ramu river), the correlation 
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between genetic and linguistic distance (measured on 
the basis of cognates) was 0.787. The correlations of 
these two distances to geographic distance are 0.925 and 
0.787, respectively. But the correlation between genetic 
and linguistic distances falls to zero if one partials out 
the effect of geographic distance. These data are based 
on only nine languages, one of which is Austronesian, 
and it is difficult to establish their statistical significance. 
In the original paper correlations were calculated using 
genetic and linguistic similarities instead of distances, 
but we have artificially replaced the term similarity with 
distance by changing the signs of all correlations, so as 
to keep all correlations positive for simplicity. The con- 
clusion Serjeantson et al. reached is that Austronesian- 
speaking groups in Papua New Guinea are only “skin- 
deep” Austronesians, an expression they borrow from 
the linguist Capell. A conclusion these authors stress is 
that linguistic relationships may occasionally give rise to 
erroneous conclusions if they are used for inferring mi- 
grations without also considering genetic relationships. 
We believe the major bar to finding clear genetic dis- 
tinctions between AN and NAN populations in New 
Guinea (and the rest of Melanesia) is that the AN mi- 
gration is ancient. Archaeological data set it at 3500- 
5000 years ago (Bellwood 1979, 1989). In this length 
of time, we have seen (see section 1.17) that genes can 
be replaced, perhaps even totally, by gene flow from 
neighbors. When there is a relatively high probability 
of gene replacement in addition to language replacement 
the situation may be very confused, and in the absence 
of clear history, it may be impossible to understand. 
The AN immigration must have been numerically im- 
portant, given that the linguistic influence was in some 
areas fairly profound (see fig. 7.2.2). One can expect 
that, on the average, genetic traces will be clear in 
the areas more heavily settled by AN immigrants. A 
trail of migration has been noted by using globin mark- 
ers, detected by molecular techniques (Hill et al. 1985; 
O’Shaughnessy et al. 1990). The trail indicated by three 
relatively rare hemoglobin mutants seems to mark three 
different segments of the Austronesian migration from 
the Philippines to north New Guinea, eastern Melane- 
sia, and Polynesia. Rare mutants (or, better, haplotypes) 
whose frequency is magnified by natural selection cannot 
be easily used for quantitative migration studies, but can 
be excellent qualitative markers for it, especially if they 
are sufficiently complex that it is unlikely that they origi- 
nated more than once. The data are not inconsistent with 
a scenario of Polynesian colonization including routes 
through both Melanesia and Micronesia, perhaps meet- 
ing in the melting pot of Fiji-Samoa-Tonga, from which 
the final later migration to the eastern Pacific took place. 
For our analysis of classical polymorphisms, as usual 
only reasonably well investigated tribes were included. 
Population numbers are from Grimes (1984). The High- 
lands are particularly well represented, and data were 
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grouped by geographic region, as eastern, east-central, 
central, and west-central Highlands in Papua New 
Guinea. This corresponds with the linguistic cluster- 
ing. For instance, the east-central highlands include the 
Fore (12,000 people, decimated by the kuru epidemic, 
now ended), the Gimi (16,000), the Gahuku (35,000), 
the Benabena (12,000), and the Kamano (50,000). The 
eastern highlands include the Enga (110,000), Gadsup 
(11,000), Auyana (6500), and Tairora (8000). Other 
groups are represented in the data by fewer tribes; the 
census size of the tribes is not always available and 
tends to be a little smaller, on the average, than for 
the tribes just given: Gogodala, 10,500; Awin, 8000; 
Kayagar, 4000; Asmat, 38,000; Goilala (also known as 
Kunimaipa), 8000; Moni, 25,000; Anga (also known as 
Kukukuku), around 40,000; Kapauku, 10,000; Awyu, 
18,000; Binandere, 3000; and Daga, 5500. The location 
of these tribes and tribe clusters is shown in figure 7.7.1. 

The genetic tree obtained from these data (24 tribes) 
is shown in figure 7.7.2. Table 7.7.1 gives the Fst ge- 
netic distances. The average number of genes investi- 
gated was 45 + 4.3. Three clusters are detected. There 
is some agreement with geography, but the geographic 
clustering is not perfect. The first cluster includes tribes 
like Asmat, Ok, Kayagar, and Gogodala, all from the 
southern plains or nearby (Dani), but does not include 
other neighbors like the Moni and Kapauku, who join 
the second cluster. The second cluster includes all the 
Papua New Guinea Highland populations and also sev- 
eral populations from the northern coast, from east to 
west, the Goilala or Kunimaipa, Sepik-Ramu, Torricelli, 
and even the fairly remote Momberamo. The last (and 
smallest) cluster is from the extreme southeast (Motu, 
Binandere) with a group of tribes from the northeast, 
Madang, Adelbert, Takia. Many of the populations speak 
AN languages. 


So 


ADELBERT RANGE 


Fig. 7.7.1 Location of the tribes 
and clusters of tribes in the tree in 
figure 7.7.2. 


Despite a basic agreement with geography, a certain 
frequency of geographic displacements must be accepted 
if this picture is correct. The number of genetic markers 
is low (45 on the average); Torricelli and Kapauku have 
the lowest numbers (20). In isolation, these data do not 
add to the problem of correlation with linguistics, which 
is particularly hard to explore in New Guinea. 

In the PC map (fig. 7.7.3), the first PC accounts for 
26% of the variation, and the second for 21%. The first 
PC gives an imperfect split according to an east-west 
gradient. Populations in Irian Jaya are mostly on the right 
side of the diagram, and those from Papua New Guinea 
are at the left. The clearest geographic clustering is that 
of the Highlands (bottom center). 
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Fig. 7.7.2 Tree of 24 tribes and tribal clusters from 
figure 7.7.1. 


Table 7.7.1. Genetic Distances (in the lower left triangle of the matrix) and Their Standard Errors (in the upper right triangle of the matrix) for New Guinea Tribes (all values x 10,000) 


HGC HGE HEA HWC EBI EDA EGO NAD NMA NSR NTO ANG ASM AW! AWY GOG KAY OK DAN KAP MON MMB MNM MNI 


Central Highlands O 44 90 19 382 275 77 ~~—s«*'161 73 178 139 654 758 667 143 992 168 662 78 188 120 135 1328 823 
E. Central Highlands 141 0 82 32 394 345 58 350 60 65 100 106 837 782 123 1062 261 774 «83 154 69 141 1455 642 
Eastern Highlands 338 240 0 52 163 73 43 104 138 287 243 432 466 401 100 555 332 402 57 172 69 120 799 426 
W. Central Highlands 71 140 8 162 0 360 239 64 33 30 191 215 69 638 427 66 718 185 447 4x61 177 94 106 1542 855 
Binandere 846 956 558 723 0 110 179 99 79 682 459 153 568 552 143 723 209 547 115 176 148 163 292 96 
Daga 689 838 295 480 447 0 199 74 140 894 608 70 257 252 81 459 72 244 139 144 +188 169 628 286 
Goilala 182 153 177 #177 515 640 0 79 53 158 79 336 742 729 122 1013 186 692 69 123 60 100 843 451 
Adelbert 378 892 452 154 246 241 312 0 33 75 97 425 89 153 129 55 192 112 162 246 131 192 285 # 57 
Madang 1385 154 324 64 166 444 147 97 0 59 47 64 103 110 140 77 + 224 62 100 256 63 118 102 25 
Sepik-Ramu 386 317 736 346 1219 1458 413 254 134 0 128 424 1678 1457 121 1846 87 1288 116 351 200 200 1495 1163 
Torricelli 235 201 539 400 948 1168 211 383 113 408 0 340 1722 1399 322 2424 28 1267 66 196 140 107 1362 925 
Anga 1091 390 745 301 585 357 669 1475 208 1160 8937 0 377 271 211 #=%489 51 274 161 128 103 242 768 459 
Asmat 1333 1546 808 1051 1315 593 1312 439 309 2678 3086 906 0 66 68 55 62 57 35 252 98 95 1390 947 
Awin 1265 1397 699 874 1173 460 1349 454 344 2652 2655 624 216 0 73 76 70 26 174 141 421180 283 1620 1178 
Awyu 490 399 275 182 332 190 493 437 421 324 474 591 310 254 0 225 310 44 102 92 139 164 758 223 
Gogodala 1881 1957 1394 1354 1402 857 1745 170 187 2992 4216 1021 238 438 619 0 103 70 135 332 201 205 1543 1188 
Kayagar 494 647 667 491 764 227 462 691 632 492 79 202 181 160 743 £289 0 32 89 110 286 199 325 223 
Ok 1183 1369 714 833 1095 470 1236 388 232 2435 2357 624 # 169 52 145 277 51 0 127 69 103 164 1568 1122 
Dani 297 291 191 250 592 514 258 616 416 360 187 451 120 509 492 485 309 355 0 340 104 75 207 118 
Kapauku 675 419 567 582 615 546 591 577 580 1055 4380 377 822 775 245 547 317 256 852 0 249 370 95 310 
Moni 262 107 176 189 387 487 133 #393 176 #4455 309 231 287 329 510 413 580 227 377 517 0 134 575 113 
Momberamo 305 357 388 352 477 666 318 542 253 611 359 630 386 795 645 490 692 500 308 853 290 0 316 142 
Motu 3119 3191 2296 2795 623 1935 2046 803 270 3338 2566 2360 3469 3352 1570 3009 815 2946 706 383 1128 687 0 93 


Takia 1792 1795 1248 1391 217 914 1094 187 56 2102 1608 1751 1920 2205 737 2127 849 2009 497 808 418 377 382 0 
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It is useful to examine the synthetic maps of New 
Guinea (figs. 7.6.2.A, B, C), noting that they might be 
somewhat different from the expectations generated by 
the analysis presented above. Although a selected group 
of tribes tested for a larger number of genetic markers 
was shown in figures 7.7.2 and 7.7.3, in synthetic maps 
all available data were employed to generate single-gene 
maps (described later), which were then used to build the 
synthetic maps. Thus, more genetic data are available 
in these maps than in figures 7.7.2 and 7.7.3, because 
all data detected in the literature are represented, with 
the exception of genes for which the information was 
too scarce to build a single-gene map. The picture may 
therefore differ in figures 7.6.2, 7.7.2, and 7.7.3. 

The amount of information provided by the first six 
PCs is given in table 7.7.2. The first six PCs express 
cumulatively 80.4% of the total information. The genes 
contributing most to the highest PC’s are indicated in 
table 7.7.3. Altogether 38 genes were used, and they 
correspond to the single-gene maps in this book. 

The first synthetic map (fig. 7.6.2.A) shows a longitu- 
dinal gradient. In fact we know that there were different 
migrations west to east and east to west, the last possi- 


Table 7.7.2. Percentage of Total Variance Associated with the First 
Six Principal Components in New Guinea 


Principal % of Total Principal % of Total 
Component Variance Component Variance 
1 24.0 4 7.7 
2 19.8 5 6.7 
3 17.0 6 5.2 
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Fig. 7.7.3 Principal component map 
of 24 tribes or tribal clusters from New 
Guinea. 


bly about 4000-3500 B.p. after the Austronesians reached 
New Britain and New Ireland (see sec. 7.4). This lon- 
gitudinal gradient can be construed as the major genetic 
difference in the island of New Guinea. 

The second synthetic map (fig. 7.6.2.B) shows a ma- 
jor contrast between the extreme southeast and the north- 
ern plains of Papua New Guinea (the Australian moiety). 
The low values define the Sepik-Ramu area, a language 
group that appears to share a number of cultural and ge- 
netic traits with the Australian aborigenes (Tryon 1985). 
It is tempting to see the Sepik-Ramu Phylum language 
speakers as remnants of the original Australian migration 
which passed through Papua New Guinea. 

The third synthetic map (fig. 7.6.2.C) contrasts the 
southern plains with the western and eastern extremes. 
It shows some correlation with the AN-NAN settlement 
pattern. 

Questions raised in the discussion above receive a 
partial answer from a direct analysis of the genetic- 
distance matrix. In table 7.7.4 we show the distances 
between regions of New Guinea and Australia to permit 
the search for possible similarities established at the ini- 
tial settlement, later migrations, or exchanges between 
neighboring parts of these two biggest Oceanian islands. 
There is a weak indication of some exchange between 
the northern parts of Australia, especially the speakers 
of non-Pama-Nyungan languages, and New Guineans. 
One may be tempted to test the hypothesis that there 
might be some ancient relationship between the non- 
Pama-Nyungan languages and Indo-Pacific ones. This 
test may be difficult, because of the presence of very 
small speech communities who adopt “regional vocabu- 


Table 7.7.3. Genes Showing Highest Correlations with the First Six 
Principal Components in New Guinea 


P.C.” 


Note.— Genes giving positive or negative correlation values are indicated by 


Range of 
Correlation 
Coefficient 


1.00 — 0.90 
0.90 — 0.80 


0.80 — 0.70 


0.90 — 0.80 
0.80 — 0.70 


0.70 — 0.60 


0.90 — 0.80 
0.80 — 0.70 


0.70 — 0.60 


0.60 — 0.50 


0.70 — 0.60 


0.60 — 0.50 


0.50 — 0.40 


0.60 — 0.50 


0.60 — 0.50 


0.40 — 0.30 


Genes 


(+) FUT2(SE)*Se 
ae 

(+) ESD+*1 

(-) MNS*NS, MNS*S 
(+) ADA*1 

az Mesaes 


(+) KM*(1&1,2) 


=) = 

(+) LE*Le(a+) 

(-) PGM1+1 

(+) MNS*Ms, MNS*M 
(-) PGM2*1 


(+) IGHG1G3*za;b0b1b3b4b5 

(-) — 

(+) HP*1, RH*cDE, RH*E 

-) 

(+) — 

(-) RH*CDe, PGD*A 

(+) RH*CDE, GPT*1, MNS*Ns 

(-) ACP1*B, IGHG1G3*fa;b0b1b3b4b5, 
RH+*C, IGHG1G3*2a;g 


(+) ABO#A 

=) = 

(+) — 

(-) ACP1*B 

(+) LE *Le(a+) 

(-) RH*CDe, PGD*A, RH*C 


(+) ABO*B, GC*1, |IGHG1G3*zax;g 


(+) MNS*N 

(-) — 

(+) RH*cDE, PGK1*1, RH*E 

(-) ABO+O, RH*CDe, GC *1, HP*1 


(+) or (-), respectively. 
* P.C., Principal component. 
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laries,” words particular to certain geographical regions 
(Capell 1962). 

Another attempt was made to detect similarities be- 
tween potential ancestors of proto-Polynesians, who 
might have settled in regions of New Guinea, and mod- 
ern inhabitants of these regions (table 7.7.5). Fsy dis- 
tances between various possible proto-Polynesian an- 
cestors, or their modern descendants, and various New 
Guinea regions show that, by this criterion, only the ex- 
treme western and southeastern parts of New Guinea may 
have received some gene flow from proto-Polynesians. 
These are actually the regions where a greater number 
of Austronesian languages is spoken today (fig. 7.2.2). 

A preliminary analysis of mtDNA in New Guinea 
(Stoneking et. al. 1986) has been considerably extended 
(Stoneking et al. 1990). From 25 localities of the Aus- 
tralian (the eastern) moiety of New Guinea, 119 indi- 
viduals were tested by restriction analysis and found to 
correspond to 65 mtDNA types. They form three major 
clusters plus other small ones, indicating the possibil- 
ity of different migrations. There is very little similarity 
to Australians, no more than to Africans or Caucasoids; 
this analysis is based on small numbers, but there is 
definitely a greater similarity to Asians than to all oth- 
ers, and this is probably significant. The authors suggest 
that the small similarity with Australia may be due to 
the arrival of later migrations to New Guinea in the last 
10 ky that did not extend to Australia. Correlation of 
genetic distance with geographic distance is present but 
minimal, and the small correlation with linguistic differ- 
ences disappears if one corrects for geographic effects. 
We find mtDNA data are, as far as comparable, in ex- 
cellent agreement with nuclear DNA data. 

The color map includes both Australia and New 
Guinea. Gene-frequency maps for all alleles were cal- 
culated separately for the two so that gene frequencies 
of one region did not affect the calculations of the other 
across the sea. This is the same as erecting a total 
barrier between Australia and New Guinea in the com- 
putation of the maps of the gene frequencies. Similarly, 
principal components were calculated separately for the 


Table 7.7.4. Genetic Distances (x 10,000) (+ standard errors) between Regions of Australia and of 


New Guinea 
New Guinea 
Australia East Highlands Southeast North Southwest West 
Northern Territory 1071+243 663 + 232 806 +161 664 +217 1249+270 
(non-Pama Nyungan) 
West 801 + 167 689 + 120 1031+ 172 1357 + 289 1049 +307 
(non-Pama Nyungan) 
Central 1184+ 380 960 + 274 910+317 2269 + 654 1241+726 
Northern Territory 958 + 180 852 + 202 992 + 158 1828+ 396 992 + 273 
Queensland 1128+ 285 1342+ 395 1291 +206 1570+ 304 1203+ 296 
West 1432 +272 1373+ 272 1431+ 336 2559 + 438 1518+ 427 
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Table 7.7.5. Genetic Distances (x 10,000) (+ standard errors) between Mainland and Island 


Southeast Asia, and Regions of New Guinea 


New Guinea 
Mainland & Island Eastern 
Southeast Asia Southeast Highlands North Southwest West 
Polynesia 12934173 1818+ 366 1843 + 387 2165+ 508 1246+251 
Southeast Asia 1097 +197 1860 + 350 1718+ 384 1943+ 407 1145+240 
Indonesia 1196+289 2340 + 510 2143+ 593 2403+ 613 1120+256 
Philippines 1161+ 184 1789 +324 1713+ 366 2213+ 471 1102+ 211 


two regions. Therefore, any similarity of color between 
parts of one and of the other is accidental. The color syn- 
thetic maps convey 71.6% of the original gene-frequency 
information in Australia and 60.8% in New Guinea. 
The color picture shows four major genetic regions. 
A pale green found in the north of Australia is also found 


in the north of New Guinea, turning pale blue in the 
extreme east; a very dark color in the extreme south- 
west of Australia is also found in the extreme south- 
west of New Guinea; red appears in the south of New 
Guinea and of Australia, as well as in the center of 
Australia. 


7.8. POPULATION GENETICS OF MELANESIA, MICRONESIA, AND POLYNESIA 


A selection of 31 better-known populations from the 
Pacific islands has been subjected to tree analysis in 
fig. 7.8.1. Fs genetic distances are given in table 7.8.1. 
The average number of genes investigated is modest: 37 
with a standard error of 3.5. (For location of the islands, 
see fig. 7.8.2.) 

One small cluster is separated from the rest and in- 
cludes all four Eastern Polynesian islands. The major 
cluster includes two outliers, two populations from is- 
lands very close to New Guinea (Tolai and New Britain). 


P = Polynesian 
M = Melanesian 
m = Micronesian 


0.14 0.07 0 
Leet nena Se a eae ee 


Two other more important components of the major clus- 
ter can be easily recognized: (A) one is almost exclu- 
sively Melanesian (9 out of 10 populations), in addition 
to a small, outlying cluster of Samoa and 2 Micronesian 
islands, and (B) the other component includes the same 
number (4) of Micronesian, Polynesian, and Melanesian 
populations. 

Despite the incompleteness of the correlation between 
the genetic data and the standard classification into 
the three main traditional groups of the Pacific Islands 
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Fig. 7.8.1 Genetic tree of 31 
populations from the Pacific 
Islands. 


Table 7.8.1. Genetic distances (in the lower left triangle of the matrix) and their standard errors (in the upper right triangle of the matrix) for the smaller islands of the Pacific Ocean 
(all values x 10,000) 


aa a ae 
MAM MBB MBT MBU MFF MMM MNK MNA MNN MNT MNE MIA MIG MIM MIP MIT MIL MIY NBB NBE NBW NBS PEC PEE PEZ PES PSE PSL PSS PSN PTT 


MAM O 206 93 122 98 63 197 135 191 351 201 155 213 671 353 128 170 222 288 359 303 774 328 535 495 291 128 40 372 137 81 
MBB 618 0 142 78 = 41 47 92 200 155 143 33 116 324 738 467 102 123 72 131 123 67 #4159 175 346 199 260 516 86 172 98 395 
MBT 369 366 O 88 705 49 126 256 181 236 44 #51 48 923 126 173 246 180 83 123 139 491 241 579 427 319 257 142 316 114 194 
MBU 279 156 163 O 594 39. 98 191 119 174 28 43 239 9382 137 125 94 132 82 75 195 417 305 674 519 425 472 73 74 188 351 
MFF 304 169 1413 1282 0 526 489 131 78 202 54 354 159 426 785 160 60 96 729 580 580 366 171 354 280 145 236 58 210 300 183 
MMM 258 180 180 171 907 O 68 173 84 665 201 37 187 587 114 100 120 110 125 163 296 366 206 525 380 276 235 82 83 69 175 
MNK 462 203 453 219 988 234 Q.. 35 33 640 178 140 303 £65 51. 132 42 298 161 189 503 376 326 520 408 343 452 79 146 506 375 
MNA 552 504 521 275 343 466 132 0 132 526 118 305 286 168 135 241 43 432 177 259 170 325 238 572 383 304 239 206 500 328 213 
MNN 468 288 513 180 328 326 12 142 O 772 201 214 252 215 127 186 263 382 120 100 127 221 354 601 482 417 428 93 34 208 329 
MNT 977 344 1242 795 851 1488 995 804 993 O 196 163 406 450 300 307 461 333 292 488 575 81 512 501 564 421 654 342 187 490 547 
MNE 550 133 266 105 169 359 402 405 541 532 O 80 120 471 161 £488 137 = 201 25 264 173 166 317 517 449 473 4381 246 60 410 386 
MIA 475 465 155 195 754 90 281 514 501 799 353 O 129 832 195 61 80 77 =145 164 330 329 246 594 437 257 219 44 184 247 158 
MIG 790 780 123 654 347 403 1039 1047 885 1643 563 292 0 236 203 70 414 363. 223 172 148 370 173 340 265. 207 153 264 563 226 121 
MIM 1939 1681 1973 1639 989 1216 167 338 502 1166 1122 1639 827 01410 111 66 514 837 866 491 774 293 650 474 465 405 979 231 476 365 
MIP 1244 1151 608 495 2039 611 239 408 243 761 584 638 1156 2938 O 270 110 388 77 114 309 549 633 1173 919 946 870 148 570 465 748 
MIT 421 413 359 444 424 250 532 540 500 1004 419 116 221 676 1055 O 127 135 174 169 330 301 245 502 396 325 158 95 164 125 98 
MIL 481 292 456 230 126 269 188 76 590 911 336 208 1128 153 534 495 O 284 117 352 148 540 334 689 475 355 321 243 24 637 281 
MIY 551 241 531 490 247 243 727 1062 821 1061 680 298 814 1714 1545 417 566 0 330 238 223 370 360 581 461 351 226 117 44 280 174 
NBB 635 313 363 167 1734 490 445 533 246 1056 82 527 951 1633 251 824 354 960 O 40 107 413 511 967 748 892 661 120 138 355 578 
NBE 726 419 498 184 1692 572 387 686 220 1274 553 625 1045 1766 420 811 875 988 128 0 96 367 446 667 574 755 785 212 125 416 636 
NBW 695 218 603 555 1648 596 762 607 221 1491 358 801 691 1192 804 847 606 660 323 337 O 342 413 497 466 624 640 122 667 224 555 
NBS 1513 480 1500 1162 1083 1173 908 688 470 289 446 1119 1452 2696 1343 912 1308 1323 1208 1032 1113 QO 857 849 998 1009 1412 429 352 652 1165 
PEC 1028 1295 940 1462 623 743 1417 1420 1592 2582 1290 888 642 1273 2228 920 1511 1302 1840 1704 1264 2845 0 110 49 28 134 361 112 255 177 
PEE 1690 1445 1293 1807 1222 1218 1385 1651 2005 2389 1704 1387 1164 2040 2420 1357 1794 1819 2042 1967 1356 3093 431 O 84 152 257 644 284 216 260 
PEZ 14386 1216 1115 1625 876 870 1436 1252 1946 2626 1453 943 887 1486 2689 1099 1304 1325 2053 1972 1444 3390 145 299 0 57 192 556 106 220 276 
PES 1197 1040 8861536 555 779 1172 1491 1962 2011 1612 716 762 1678 2052 964 1459 1153 2079 1916 1221 2178 53 478 167 0 140 412 192 325 176 
PSE 467 1118 7811136 610 516 1324 1121 1305 2439 1302 535 731 1081 2376 624 1193 741 1842 1787 1388 2947 484 1384 681 478 O 221 66 61 54 
PSL 168 252 255 158 151 221 323 613 331 1121 552 134 697 2073 700 269 362 354 402 467 482 1120 1258 1896 1589 1458 645 0 102 160 109 
PSS 493 214 897 174 685 191 357 668 80 580 218 391 1032 301 1042 618 29 59 497 390 1129 897 545 679 223 596 131 130 O 114 211 
PSN 393 230 487 594 595 218 931 1146 701 1418 901 483 686 949 897 598 1472 591 627 690 363 1017 680 940 768 617 224 337 341 0 oD 
PET 357 1008 6591058 481 425 1129 1085 1042 2147 1090 509 568 1239 1952 477 1167 624 1505 1523 1126 2443 436 1168 735 411 111 437 402 133 0 
Note.— MAM, Manus; MBB, Buka; MBT, Torau; MBU, Uruava; MFF, Fiji; MMM, Malaita; MNK, Bariai Kilengi; MNA, Kualong Mengen; MNN, Nakanai; MNT, Tolai; MNE, Vanuatu (New Hebrides); MIA, Caroline; MIG, Gilbert; 
MIM, Marshall; MIP, Pingelap; MIT, Truk; MIL, Palau; MIY, Yap; NBB, N. E. Bougainville; NBE, S. E. Bougainville; NBW, W. Bougainville; NBS, New Britain; PEC, Cook Islands; PEE, Easter Island; PEZ, New Zealand: 
PES, Society; PSE, Tuvalu (Ellice); PSL, Luangiua; PSS, Samoa; PSN, Tokelau; PTT, Tonga. 
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Fig. 7.8.2 Locations of the islands and populations in the tree in figure 7.8.1 (The Times Atlas of the 


World 1989). 


(Melanesian, Micronesian, Polynesian; see fig. 7.8.2), 
there is a basic order corresponding to this classical 
nomenclature. 

The four eastern Polynesian groups form a cluster 
that is at a considerable distance from the rest of the 
Pacific islands. They are: the Society archipelago (in- 
cluding Tahiti, over 100,000 speakers), the Cook Is- 
lands (18,000), New Zealand (280,000 Maoris), Easter 
Island (1600). The other five Polynesians merge with 
the Melanesian—Micronesian major cluster, indicating 
admixture with them, but three of these form a small 
subcluster of the B component mentioned above: Tonga 
(100,000), Ellice (now called Tuvalu, 7500), and Toke- 
lau (1600). These three have a central geographic po- 
sition. Two other islands are isolated from these two 
small Polynesian clusters and show considerable simi- 
larities with some Melanesian or Micronesian popula- 
tions: Samoa (138,000) with Micronesian islands; Luan- 


gia (1750, a northern Polynesian outlier close to fully 
Melanesian islands) with other Melanesians and Mi- 
cronesians of cluster B. Thus, the Polynesian popula- 
tions examined fall into three clusters: eastern, central, 
and northwestern, with New Zealand belonging genet- 
ically to the eastern cluster. The eastern group (Easter 
Island, New Zealand, Cook, Society) shows the great- 
est genetic autonomy. The central group (Tonga, Tuvalu, 
Tokelau) has internal consistency, but there is some el- 
ement of Melanesian genetic influence that is definitely 
stronger for islands closer to Melanesia. We return to 
the subject at the end of the section when discussing a 
reconstruction of Polynesian history. 

Micronesia is represented by seven islands or groups of 
islands. Four of these are found in cluster B, one in clus- 
ter A, and two form a small outlying cluster with Samoa. 
This last includes Palau (14,000, one language) in the 
western part of Micronesia, and the Marshall Islands 


(30,000, one language), east of Micronesia. The Mi- 
cronesian island isolated in the predominantly Melane- 
sian subcomponent A is Pingelap (1300). Truk (26,000), 
Yap (5000), and the rest of the mostly smaller Caroline 
islands fall into cluster B, along with the Gilbert Islands 
(44,000). 

The Melanesian populations of cluster A speak mostly 
Austronesian languages and the prevailingly Melanesian 
cluster A includes: 


1. All populations studied from the Solomon Islands are 
included except one (Torau, found in component B). The 
largest island is Bougainville (approximately 80,000 peo- 
ple) where Austronesian (AN) and Indo-Pacific (NAN) 
languages are spoken. 

2. Two populations are from New Britain, the largest is- 
land of the Bismarck archipelago (150,000 people): Bariai 
(1000) and Nakanai (10,000), both Austronesian speak- 
ers. Other New Britain inhabitants are with the Tolai of 
New Ireland (an island of the Bismarck archipelago, north 
of New Britain, 86,000) as outliers of the major cluster. 

3. The New Hebrides, now called Vanuatu, has 86,000 
Austronesian speakers. 


The four Melanesian populations in the Micronesian- 
Polynesian cluster B of figure 7.8.1 are from the most 
northern part of Melanesia: Malaita (30,000), in the 
northern part of the southern Solomons; Torau, a small 
island east of Bougainville; Manus, the largest of the 
Admiralty Islands (23,000); Fiji (260,000 plus many 
other immigrants from other ethnic origins) at the border 
of the Melanesian-Polynesian areas. Ancestral Microne- 
sians may have begun their later voyages after having 
settled for some time on the northern fringe of present- 
day Melanesia. They may have been early Austronesian 
settlers to northern Melanesia who mixed to some extent 
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with local Melanesians and proceeded from this area to 
Micronesian islands. 

Figure 7.8.3 shows the PC map of the populations 
analyzed in the tree of figure 7.8.1. The first PC (27% 
of the variation versus 11% for the second) clearly sepa- 
rates almost all Melanesian populations (on the right part 
of the diagram) from Micronesian and Polynesian ones, 
which fall in the left part. The Micronesians are be- 
tween Polynesians and Melanesians, indicating that they 
are, to some extent, the result of an earlier admixture 
between Southeast Asians and Melanesians. This might 
be the case if the Micronesians were the first settlers 
from Southeast Asia in northern Melanesia and radiated 
later, especially towards the northern Pacific. Some of 
them may also have reached it directly. The origin of 
Polynesians would be from the most recent Austrone- 
sian migration—also from Southeast Asia, but not from 
the same region as Micronesians. The ancestors of east- 
ern Polynesians probably arrived directly from Southeast 
Asia (see sec. 7.2). With very little initial mixing with 
the local populations in Melanesia, they kept moving 
east, toward the then uninhabited eastern archipelagoes 
where they eventually settled permanently. Some tenta- 
tive dates that may apply to these events and perhaps 
help to choose between the different scenarios can be 
found in Pawley and Green (1985); see also Diamond 
(1988) and section 7.2. 

The central and eastern Polynesians, living in areas 
free from Melanesian settlements, are best suited for a 
tree analysis. The relevant portion of the Fsy genetic 
distance matrix is shown in table 7.8.2. The matrix gives 
rise to a tree (fig. 7.8.4) to which locations and arrows 
have been added on the basis of geographic and historical 
considerations. The Cook and Society Islands are very 
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Fig. 7.8.3 Principal-component map 
of the Pacific Islands. 
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Table 7.8.2. Matrix of Genetic Distances (x 10,000) between 
Polynesians of the Eastern and Central Areas 


New 
Tonga Tuvalu Tokelau Cook Society Zealand 


Tonga - 
Tuvalu (Ellice) 
Tokelau 

Cook 

Society 

New Zealand 
Easter Island 


435 484 
411 478 


Note.— Boxes indicate genetic distances expected to have the same value 
(within sampling error) in a satisfactory tree. Note the difference between 
distances connecting Easter Island to the other islands, and distances 
among the other islands. 


similar, and they were considered as a block, which may 
be thought of as a secondary center of irradiation from 
which New Zealand and Easter Island were settled. 

As noted earlier, Tonga was probably first settled in 
1200 B.c., the Marquesas in A.D. 200-300 from Samoa, 
the Society Islands from the Marquesas in A.D. 500-600, 
Easter Island before a.p. 300 and New Zealand before 
A.D. 1000 (Bellwood 1989). All archaeological dates may 
obviously be late if traces of the earliest settlers have not 
yet been unearthed. The order with which the eastern 
branches detach from the tree is in qualitative agreement 
with these dates, but the dates are not supported quan- 
titatively. New Zealand has an average genetic distance 
(x 10,000) of 155 from Cook and Society, and Easter 
Island 453. The settlement of Easter Island could hardly 
be three times earlier than that of New Zealand. The evo- 
lution that must have occurred in the Cook and Society 
islands somewhat inflates the distances given, making 
the discrepancy a little worse. The example shows that 
in dealing with very small populations their size can 
have a disrupting influence on these computations. The 
population of Easter Island has fluctuated greatly over 
the centuries. The following demographic information 
is from Bellwood (1979). The island had undergone 
a marked environmental decline before its discovery 
(on Easter Sunday, 1722). It was heavily forested at 
the time it was settled (as attested by pollen records), 
but most trees had disappeared by the eighteenth cen- 
tury. At its peak, the population may have been 10,000. 


Tuvalu Tokelau 


Tonga —————— Cook, Society ——————— > Easter Island 


/ 


New Zealand 


Fig. 7.8.4 Genetic tree from table 7.8.1 and its migra- 
tional interpretation. 


Cook (1774) estimated 700 people; visiting Spaniards 
(1770), from 900 to 3000; La Perouse (1786), 2000. In 
1862 about 1000 Easter Islanders were taken by slavers 
to Peru; 900 died within a short time, the remainder were 
repatriated but only 15 reached home, with smallpox. In 
1877 only 110 people remained on the island. No such 
fluctuations are known to have occurred in New Zealand; 
in recent times its population is almost 100 times larger 
than that of Easter Island, and it was probably large at 
most, if not all, times. 

One can calculate approximately the effective popula- 
tion size, Ne, on the assumption that genetic distance d 
is entirely due to drift, from the formula previously indi- 
cated: d = t/2N. For Easter Island, r, the time in gener- 
ations since the beginning, is 70 and for New Zealand, at 
least 40. The approximation is valid for very short times 
like these. The effective population size thus calculated 
is about 500 for Easter Island, whereas that for New 
Zealand is 1500. These are averages over the whole pe- 
riod, and such averages should be calculated from demo- 
graphic data, if they were adequately known, by taking 
their harmonic mean, which is sensitive to low values. 

The genetic analysis of Polynesia by Serjeantson 
(1985) basically agrees with ours, although only HLA 
genes were used. A more complete analysis by Ser- 
jeantson (1989) discussed the possibility of a minor 
Amerind contribution to eastern Polynesia. Although 
based on tenuous evidence, Serjeantson’s note of cau- 
tion may be added to the observation by Bellwood (1989) 
that archaeology cannot exclude contact between South 
America and Polynesia in prehistoric times. Bellwood 
cited evidence from “the transfer of the Andean sweet 
potato into prehistoric eastern Oceania,” and the “oc- 
currence of an Inca style of stone facing on at least 
one Easter Island temple platform.” Other possible ev- 
idence of contact comes from the similarity of fishing 
gear. The major hope of hard evidence on the question 
of a South American contribution to eastern Polynesia, 
as suggested by Heyerdahl (1950), could only come in 
the future from molecular genetics. With classical mark- 
ers, the origin of alleles is usually insufficiently clear-cut 
for this purpose, as shown below. There must be con- 
siderable genetic similarity between Amerind ancestors 
and the Southeast Asian ancestors of modern Polyne- 
sians. If one attempts to relate to their descendants the 
gene frequencies of populations of small islands, which 
are affected by enormous drift, results can hardly be 
convincing. But, if one can discover molecular mutants 
in South Americans that are not present in Southeast 
Asia, then their detection in Polynesians would build a 
strong case in favor of Heyerdahl’s hypothesis. Variants 
of hemoglobin studied at the molecular level in Oceania 
and reviewed before (Hill et al. 1989) have helped show 
a genetic trail that does not, on the basis of our present 
knowledge, lead from South America to Polynesia but 
does not exclude it. 


It is difficult to pinpoint the remote origins of Poly- 
nesians on the basis of present genetic data. Table 7.8.3 
shows genetic distances between Polynesians selected on 
the basis of a higher number of markers (average 86) and 
the extant descendants of several possible ancestors. 

Eastern Polynesians are most representative of Poly- 
nesia, since they had no chance of local Melanesian ad- 
mixture. Some gene flow may nevertheless have taken 
place before the final migrations of this very successful 
group of Oceanic settlers. In the general tree (sec. 2.3), 
they are placed with Melanesians and Micronesians, 
whose ancestors seem likely to have made a substantial 
contribution to Polynesian ancestry in the thousands 
of years after proto-Polynesians from Asia arrived in 
Melanesia and before they started, or continued, their 
migrations eastward. Distances have high standard errors 
and the conclusions are not all statistically significant, 
but the best candidates for proto-Polynesians are still in 
Southeast Asia. The table also shows the distances of 
the same populations from Easter Islanders. They are al- 
ways higher, by an approximately constant amount, than 
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Table 7.8.3. Genetic Distances (x 10,000) (+ standard errors) 
between Selected Polynesians and Descendants of Their Possible 
Ancestors 


East Polynesia Easter Island 
South American 1185+ 283 1682 + 371 
Andean 1322 + 301 1644 +312 
Southeast Asian 693 + 185 1289 +337 
Filipinos 924 + 269 1251 +309 
Ainu 921 +289 1507 + 450 
Taiwan aborigines 11434301 1695 + 444 
Average 1031 1511 
East Polynesian 207 + 53 


those from eastern Polynesia, indicating that there is no 
reason to assume a special origin for the inhabitants of 
Easter Island, despite its location much farther to the 
east and closer to South America. The great difference 
between the two relevant columns of table 7.8.3 must 
be due to drift, which must have been very strong on 
Easter Island. 


7.9. SINGLE-GENE MAPS OF AUSTRALIA AND NEW GUINEA 


Maps of single genes for Australia are presented to- 
gether with those of New Guinea, using a common gene- 
frequency scale in order to make them comparable. In 
the map-interpolation procedure, geographic neighbors, 
even if located across the sea, affect computation results. 
If Australia and New Guinea were interpolated together, 
there would be a reciprocal influence. A barrier between 
them was therefore generated by interpolating them sep- 
arately, as was done for other continents. Similarities 
observed between areas of the two islands are therefore 
real and do not arise from interpolation artifacts. 

There are few, if any, aborigines left in southeastern 
Australia, which is now more densely populated by re- 
cent Caucasoid immigrants. The maps of gene frequen- 
cies are therefore determined almost exclusively on the 
basis of information available in the regions farther to 
the north, and the values interpolated for the southern 
regions cannot be considered reliable. 

There is an obvious difference in the scale at which 
the maps of Australia and New Guinea are drawn. Data 
on New Guinea are more numerous, their density per 
unit of surface is higher, and New Guinea is therefore 
presented in more detail than Australia. The northern 
part of Queensland, shaped like a finger pointing to the 
north, is the part of Australia closest to New Guinea, 
from which it is separated by the Torres strait. The part 
of New Guinea nearest to Australia is the tip of the south- 
central coast. 

The number of genes for which maps of these two 
islands could be drawn is about half that of other con- 


tinents. This is partly because the number of HLA data 
is insufficient for drawing maps and partly because of 
absence, or very low frequency, of some alleles on one 
or the other of the two islands. 

ABO genes show north-south gradients for A and 
O, east-west for B, and southeast-northwest for Al 
in Australia. They are more complex in New Guinea. 
The B antigen is absent in Australia. Variograms have 
fairly high slopes and are linear for approximately 500 
miles. 

The ACPI enzyme (acid phosphatase), allele B, is 
markedly different in Australia and New Guinea; it is 
almost fixed in the first, except in Queensland and in a 
small region to the east. This difference may reflect a 
difference in climate. Variograms are uninformative. 

Adenosine deaminase, ADA, allele 1 also shows near 
fixation in Australia but not in New Guinea, with a flat 
variogram. 

Maps for carbonic anhydrase 1 and 2 (CA/ and CA2) 
are available only for Australia. In both cases allele 1 
is close to fixation; CA/ */ shows a northeast-southwest 
gradient. Variograms are linear for a modest segment, 
and both have high slopes. 

Esterase D allele ESD*/ shows a minimum in the cen- 
ter of Australia and a west-east gradient in New Guinea. 
The variogram is uninformative in Australia and has a 
high slope in New Guinea. 

Glucose-6-phosphodehydrogenase deficiency (G6PD 
*def) 1S present almost exclusively in the southern part 
of New Guinea. 
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Group specific component or vitamin-D-binding pro- 
tein (GC) is considerably different in Australia and New 
Guinea. The GC*/ allele has a high frequency through 
most of Australia and peaks in the center of New Guinea. 
The variogram has a high slope in New Guinea, but only 
for a short initial segment. 

Haptoglobin allele 7 (HP*/) again shows a profound 
difference between Australia and New Guinea; it is at a 
relatively low frequency and fairly constant in the first, 
and quite variable with an irregular variogram in the 
second. 

Immunoglobulins, [GHG/G3, show considerable vari- 
ation of allele fa; b0Ob1b3b4b5, which is high in the 
western and moderately high in the eastern end of New 
Guinea, with no information for Australia. Allele za;g 
has a peculiar distribution in Australia, with extreme 
maxima and minima near each other in a small area 
of the northwestern part, and a strong gradient in New 
Guinea apparently totally unrelated to the Australian dis- 
tribution. The variogram is irregular in both. Allele za;g 
has still another pattern, with maxima in small regions of 
the eastern part of both Australia and New Guinea. Al- 
lele za;b0b1b3b4b5 has a rather low frequency in Aus- 
tralia, and a strong maximum in the central northwest 
of New Guinea with a decreasing frequency in all di- 
rections. The totally independent immunoglobulin allele 
KM(1&1,2) has, interestingly, a strong similarity with 
za;g, aS shown by the presence of highly localized max- 
ima and minima in a region close to that which also 
shows similar strong variation for za;g. Variograms are 
mostly unreliable, except for a very strong initial slope 
for za;b0b1b3b4b5 in New Guinea, an indicator of the 
strong and regular gradient observed for that allele. 

The exceptional behavior of GM alleles in Southeast 
Asia and Melanesia was noticeable in the geographic 
maps drawn by Steinberg and Cook (1981). All nonim- 
munoglobulin genes do not show such drastic variations 
in this general region. The conclusion seems inescapable 
that the phenomenon cannot be due to drift, but must be 
the result of strong local selection for one allele or the 
other. There is also a correlation in northern Australia 
between an allele of the KM and one of the GM lo- 
cus. Both genes contribute parts of antibody molecules, 
but KM does not show such extreme variation in any 
other part of the world. The antibodies in question serve 
functions of defense against infectious diseases and it 
is legitimate to hypothesize that at some time in these 
areas there occurred major epidemics to which the var- 
ious immunoglobulin alleles have shown differential re- 
sistance. These epidemics may have since totally dis- 
appeared, leaving us with no clues as to their nature. 
The health situation in these areas is not well enough 
known, however, that one can reject the possibility that 
some such diseases are still present. The GM-KM cor- 
relation in Australia is based, however, on observations 
with very small numbers and could be a statistical fluke. 


An allele of the Lewis blood-group gene, LE*Le, 
shows a moderate gradient in New Guinea that has little 
effect over the initial part of the variogram. 

The MNS blood-group system shows reasonable varia- 
tion of allele MV in both Australia and New Guinea, with- 
out much correlation between the two islands. By con- 
trast, allele S is practically absent in Australia but present 
with an average frequency of 9.7% in New Guinea, 
where it shows a maximum in the northern coastal plains. 
Consequently, only haplotypes Ms and Ns have a geo- 
graphic distribution worthy of note, which tends to imi- 
tate very closely that of allele M and of its counterpart N. 
The map of MS is not given because it would be identical 
to that of M with gene frequencies equal to 100 minus 
those of M, but there is enough NS in New Guinea that 
the map of NS is worth showing. Most variograms have 
a high initial slope with linearity usually restricted to a 
fairly small initial segment. 

The PJ blood group, allele /, shows some modest 
variation without major gradients. 

Allele 7 of enzymes PGMI and PGM2 (phosphoglu- 
comutases) show reasonably small variations with gra- 
dients not unique to these genes. The first has a high 
initial slope, the second a negative one. 

Phosphogluconate dehydrogenase PGD*A has little 
variation in Australia and more in New Guinea. The 
latter has an irregular variogram. 

Phosphoglycerate kinase PGK/*/ is practically not 
polymorphic in Australia and has little variation in New 
Guinea. 

The RH blood-group gene system shows polymor- 
phism only for genes C and E, while allele d is absent. 
C is more frequent in New Guinea where it reaches close 
to 100% in some northern regions, with fairly large initial 
slopes. In New Guinea FE is rare, but it increases in Aus- 
tralia from north to south. Variograms are fairly regular 
with a rather large slope. Only four haplotypes are pos- 
sible, given the absence of allele d. In Australia, CDe is 
present with appreciable frequencies in only some parts, 
especially the west and east. The highest frequencies 
of CDe—often near 100% —are in New Guinea; lower 
ones in New Guinea have a northeast-southwest gradient. 
cDE shows behavior opposite to that of CDe, and cDe is 
rather low all over: 10.5% on average in Australia, with 
a higher frequency in the east, and 2.3% in New Guinea. 
Variograms have moderate slopes, when positive. 

Secretor (FUT2 *Se) has a rather irregular distribution, 
as shown by the relatively large number of heterogeneous 
data points and the very negative initial slope of the var- 
iogram. It is also poorly known in western New Guinea, 
and there is no distribution for Australia. 

Transferrin (TF) allele D shows a gradient in Australia 
that is determined entirely by one southern value show- 
ing a high D, of doubtful significance given the rarity of 
aborigines in the south. There is only modest variation 
in New Guinea. 
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7.10. SINGLE-GENE MAPS OF THE PACIFIC ISLANDS 


The Pacific islands are presented in the context of 
the rest of the populations facing the Pacific: Australia, 
New Guinea, eastern Asia, and the Americas. Because 
they are almost all too small for indicating their gene 
frequencies within their actual physical boundaries, the 
shading has been extended to a rectangle of area suf- 
ficient to express unambiguously the gene frequency. 
Whenever there was more than one observation for the 
island or group of islands, their average is indicated. 
For Pacific islands, given their isolation and in analogy 
with the procedure used for small islands of all con- 
tinents, no interpolation was used. As a consequence 
principal components were not computed. For the same 
reason graphical distributions (gene frequencies, sample 
sizes, variograms) are not reported. For all non-Pacific 
islands and continents the computations performed for 
single continents were used. The great variation of in- 
terisland distances and the ethnic heterogeneity of the 
Pacific islands made the calculation of variograms po- 
tentially very confusing. It is already known (for a sum- 
mary, see Friedlaender 1971) that when the interisland 
distance is very high and islands are small—as, for in- 
stance, in Micronesia—the genetic similarity observed 
per unit of distance is much greater than when villages 
on land are compared. Clearly the smallness of the island 
populations and the distance from other islands are com- 
pensated by covering much greater distances for contact- 
ing other groups and thus widening the circle of poten- 
tial marriage partners. The genetic maps of the Pacific 
Ocean are of special interest for comparing centers of 
origin of migrants and their destinations. 

As 1s well known, the ABO system shows very strong 
differences between most of America and the rest of the 
world. Because of the suspicion that it may have selec- 
tive origins, it is not especially useful for understanding 
ethnic similarities. 

In most of Melanesia and Micronesia, ACP/*A and 
ACP1*B show considerable variation, possibly due to 
drift. On a larger scale, the gradient with latitude seems 
in agreement with the general view of a selective re- 
sponse to climate. 

FY*A shows much difference between Melanesia and 
Polynesia. Taken in isolation, it would seem to support 


chap. 6). In southern New Guinea and in South America 
HLAA*9 has major peaks. Although A*/0 has a max- 
imum in Australia, in the rest of the Pacific it is rela- 
tively flat at mostly low frequencies. By contrast, A*// 
is almost absent in Australia and has a maximum in 
Southeast Asia. Absent in eastern Polynesia, B*/3 has 
a maximum in Australia. The peak for B*/5 is in South 
America (southern Andes) and for B*/6 near the north- 
ern Andes. With peaks in Australia, New Guinea, south- 
ern Melanesia, and central Polynesia, B*22 is absent in 
America. The maxima for B*27 gradient with latitude lie 
especially in North America, and B40 is highest in the 
extreme north, with secondary maxima in the southern 
Pacific. Many HLA alleles which are common in Cau- 
casoids such as A*/, A*3, B*5, B*7, and B*8 do not 
occur in Pacific populations. The A*/, A*3, B*7, and 
B*2] alleles are also missing in American natives, but 
the last two are present in North America. 

Figure 7.10.1 gives a summary of the ALA rela- 
tionships among Pacific populations, the Americas in- 
cluded. Several facts are worth noting. The Australian 
ALA polymorphism is restricted in comparison with that 
in New Guinea. Austronesian speakers carried HLAA 
*2 and HLAB*/8 into Melanesia but not into the New 
Guinea interior. The number of Lapita potters who left 
the Samoa area for eastern Polynesia about 2000 years 
ago may have been small enough to have caused the loss 
of B*J3 and B*27 by genetic drift. Micronesia has a 
non-Melanesian HLA gene, B*35, which is absent every- 
where else in the Pacific but is present in the Philippines. 
Finally the HLA profile of American natives has no rela- 
tion to any Pacific group, militating against Heyerdahl’s 
hypothesis (but see the Duffy and Rhesus genes below). 

Haptoglobin (HP*/) peaks in parts of New Guinea, 
on Easter Island, and shows a fair amount of variation 
in America. 

GM (IGHGIG3) has considerable variation, as al- 
ready noted. Peaks for fa;b0b1b3b4b5 (map not given) 
are found in Southeast Asia, Borneo, and some parts of 
Melanesia and Micronesia, and za;b0b1b3b4b5 shows 
a peak in western New Guinea. Although za;g is es- 


Heyerdahl’s hypothesis that Polynesia was settled from 
the Americas, but few other genes give similar evidence. 

Glucose-6-phosphodehydrogenase deficiency (G6PD 
*def) shows pockets of high frequencies in parts of 
Southeast Asia and New Guinea, probably because of 
a local reaction to malaria. Glutamic pyruvate transam- 
inase (GPT) allele / has a high frequency in Australia, 
parts of New Guinea, and a few other locations. 

For HLAA*2, some drift is evident in Polynesia, 
but not as strong as, for instance, South America (see 


Population A2 AQ A110 A11 B13 B15 B22 B40 B27 B16 B18 B35 
Australia 

Papua New Guinea 

Austronesia ~* 

West Polynesia 

East Polynesia —————— TT —————— — 
Micronesia 

America __ —_ —————— — 


* Austronesian-speaking Melanesians 


Fig. 7.10.1 Presence of HLA antigens in Pacific populations 
(adapted from Serjeantson 1985). 
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pecially frequent in parts of America, it shows highly 
localized peaks in Australia and New Guinea. The al- 
lele zax;g shows very heterogeneous behavior in South 
America and somewhat higher frequencies in a few other 
regions. 

The light immunoglobulin chain KM allele (J&/,2) 
shows a heterogeneous distribution in South America 
and a highly localized irregularity in northern Australia, 
as already noted. 

Lewis (LE*Le) shows clinal variation in the Pacific 
Ocean; Le(a+) has considerable variation among islands 
of Southeast Asia and the Pacific. 

The MNS system shows high frequencies of allele M 
in America, the extreme north and extreme south of East 
Asia, and mostly low frequencies in the Pacific. The S$ 
allele is very high in southern Siberia and in eastern 
South America, but is rare in the Pacific. Haplotypes 
MS and Ms have higher variation; MS and NS are rare 
in the Pacific islands. 

Blood group P/ allele / is also relatively rare in 
most places except America, and extreme frequencies 
are found as usual in South America. 


Phosphogluconate dehydrogenase (PGD) allele A is 
relatively low in Melanesia. It has a very high frequency 
in the Americas. 

PGM1*1I shows great variation in South America and 
a relatively high one also in Oceania. The same is true 
of PGM2*1. 

Phospho-glycerate kinase (PGK/) allele / is variable, 
especially in the western Pacific islands, including New 
Guinea. 

For RH, gene C shows considerable variation in 
Melanesia, whereas E is uniformly low except in south- 
ern and eastern Polynesia. Again, C and E like FY*A 
would favor Heyerdahl’s hypothesis. However, when the 
analysis is carried out at the level of haplotypes, one 
finds CDE much more favorable to a Southeast Asian 
origin, cDE and CDe to a South American origin, and 
cDe indifferent. It is clear that tests based on single genes 
may be unreliable for studying ethnic origin. 

The secretor gene (FUT2*Se) shows much variation, 
especially in New Guinea. 

The TFC allele is especially low in Australia and 
New Guinea. 


7.11. SUMMARY OF THE GENETIC HISTORY OF THE PACIFIC 


The settlement of Australia and New Guinea goes back 
at least 50 kya and was probably not a single event. 
Several migration waves were postulated by the various 
scholars cited earlier; the first wave perhaps went through 
New Guinea to northeast Australia but may have been 
partly swamped by the later ones, especially in western 
New Guinea. The genetic evidence is not in disagree- 
ment with this idea, because northwestern and north- 
eastern areas differ, but there is no sharp gradient and it 
is also possible that a cline arose later. In Australia the 
coast had chances of reaching higher population den- 
sities, at least in recent times; in earlier times the in- 
ternal regions were not, however, as arid as today, and 
the center was settled relatively early. The center now 
shows some genetic difference from the coast, possibly 
an indication of adaptations to extremely arid or humid 
conditions. 

On the whole, the genetic data provide little informa- 
tion about the possible sequence of migrations and suc- 
cessive settlement patterns. The population structure of 
Australia consisted of hundreds of small tribes that filled 
the whole continent practically continuously. This struc- 
ture lends itself to generating a fair amount of local drift 
such that even nearest neighbors could differ from one 
another to a nontrivial degree in their gene frequencies. 
No major heterogeneities among regions are expected, 
in the absence of internal geographic barriers, and they 
are not found. A few extreme variations are observed for 
very few genes that are known to be potentially subject 
to strong local selective pressures. 


Australian languages are very diverse, but consider- 
able diversity could be expected if their separation is 
very old. It is possible that the structure in small tribes, 
each of which speaks a different language, may help 
local random differentiation of languages in a manner 
analogous to random genetic drift. It should be acknowl- 
edged, however, that there is no strong empirical or the- 
oretical basis for expecting populations showing great 
genetic drift to also show considerable local linguis- 
tic variation. The only clear linguistic differentiation in 
Australia is that between Pama-Nyungan and non-Pama- 
Nyungan languages. The latter occupy a relatively small 
region in the northwest, and the inability to classify them 
in one or a few subfamilies indicates that there is high 
local linguistic variation in this small area. There is also 
some correlation between the geographic map of genes 
and the distinction between the two major subfamilies. 
The hypothesis may come to mind that Pama-Nyungan 
speakers spread at a relatively late time to most of the 
continent, replacing older languages; but the reasons for 
success of Pama-Nyungan speakers remain unexplained 
in the light of current evidence. 

The relations between New Guinea and Australia seem 
to be one of remote kinship, slightly greater perhaps 
for the northern and northwestern part of Australia. 
According to Greenberg (1971), Tasmanians spoke an 
Indo-Pacific, and not an Australian, language, but in 
the absence of genetic information it is impossible to 
say whether they had greater genetic similarity to New 
Guineans or to Australians. 


New Guinea shows an east-west gradient and some 
differences between the coastal plains and the mountain- 
ous interior. There may have been many migrations from 
Southeast Asia, of which the latest, the Lapita potters, 
was most probably responsible for the introduction of 
Austronesian languages to the area. Before that, most 
nearby Melanesian islands had already been settled by 
people speaking Indo-Pacific languages. Austronesians 
settled in various parts of the New Guinea coast and 
on Melanesian islands. A complex mosaic of villages 
of people speaking languages from the two different 
linguistic families must already have formed at the be- 
ginning and still exists today. Austronesian speakers, 
however, tend to be limited to the coasts. In many areas 
of Melanesia, it is not easy to find a good correlation 
between languages and genes. The time elapsed since 
the first migration may be 3000 years or more and, 
at the usual rate of genetic exchange with neighbors, 
there would be, in any case, practically complete gene 
replacement (sec. 1.17). We do not know how often 
language substitution occurs; it might contribute fur- 
ther to our inability to find a clear correlation. It is 
therefore not at all surprising that in Melanesia AN and 
NAN speakers ordinarily show little genetic difference. 
Unless there is unusual resistance to exogamy or very 
poor opportunities for cross marriages or other forms 
of gene flow, the boundaries of an initially complex 
genetic mosaic are most likely to be blurred after this 
length of time. Moreover, with small tribes and much 
drift, another mosaic may replace the original. New 
Guinea reached the agricultural stage fairly early; thou- 
sands of years ago, its population density and, to some 
extent, tribe size must have already been much greater 
than those more characteristic of hunter-gatherers. Eu- 
ropean contact caused further population increase by 
the introduction of new crops but did not substantially 
alter the tribal structure of New Guinea, at least until a 
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few decades ago. Australian aborigines remained at the 
hunting-gathering stage until European contact. Only a 
few of them still practice their original way of life in a 
small, protected area. 

The first migrations to more remote islands, leading 
to the peopling of Micronesia to the north and Polyne- 
sia to the east, began later. Micronesians have a greater 
Melanesian component than Polynesians, as confirmed 
also by genetic data with single classical and molecu- 
lar markers (Kirk 1989; Serjeantson 1989; Serjeanston 
and Hill 1989). Descendants of the Polynesian migrants 
to the central and eastern Polynesian islands are clearly 
genetically distinct from populations of Oceania located 
farther to the west. It is possible that the original proto- 
Austronesians did not proceed beyond Tonga at first, but, 
when there were additional eastward migrations from 
Melanesia, they were pushed to expand farther to the 
east, north, and south. With this hypothesis, the heavy 
dilution of Polynesian genes by Melanesian genes in is- 
lands west of Tonga was a secondary event. Another 
possibility suggested by Bellwood (pers. communic.) is 
that intermarriage of Polynesian settlers and previous 
Melanesian inhabitants was only a later event, say, of 
the last millennium. 

Genetic analysis is in agreement with the idea that 
Polynesians proceeded first from Tonga to nearby 1s- 
lands and to the east. Data are insufficient to deter- 
mine whether the first steps were to the Cook Is- 
lands or the Society Islands. From there, New Zealand 
and Easter Island were occupied. Easter Island shows 
especially conspicuous drift, not only because of a 
founder’s effect, but also because of a contribution 
from later bottlenecks. It is difficult at this stage 
to completely exclude Heyerdahl’s (1950) hypothesis 
of a contribution of Amerind genes to Polynesians, 
but it does not seem likely that it was an important 
component. 


§ EPILOGUE 


8.1. The multidisciplinary approach 


8.2. The uses of genetics in human evolutionary 


history 


8.1. THE MULTIDISCIPLINARY APPROACH 


One message that we would like to convey is the need 
for a multidisciplinary approach to historical problems 
like the evolution of modern humans. One can consider- 
ably enrich our understanding of this difficult problem by 
bringing in as many relevant disciplines as possible, from 
historical demography to archaeology, paleoanthropol- 
ogy and linguistics, and perhaps ethnography, together 
with population and molecular genetics. The use of all 
available evidence from various fields is the only way to 
increase our confidence in our results. If we neglect some 
of it, we may discover later that it deeply affects our con- 
clusions; it is therefore better to include from the begin- 
ning whatever information is available. But we should 
not delude ourselves into thinking that the desirable ev- 
idence is abundant and can be easily acquired. The op- 
posite is true: in practically any of the disciplines that 
we need to tap, the information relevant to our aims is 
extremely scanty and usually imprecise. There is almost 
always a multitude of possible interpretations, and opin- 
ions are almost always divided. Yet, it seems to us that 
a multidisciplinary approach is a priori preferable, even 
if one must recognize a serious disadvantage; it 1s easier 
to make mistakes in fields that are not our own. It is also 
possible to make mistakes in one’s own field, of course, 
and we will be grateful to people who will point out 
our errors and correct them. It also seems important to 
clarify which information is useful for our purposes, for 
example, in the archaeological and historical sciences. 
This increases the chances that it will accumulate in the 
future. 

Some possible misunderstandings need to be avoided. 
It is important to distinguish between genetic infor- 
mation (on characters that are inherited according to 
strict Mendelian rules; these vary from observations on 
DNA to those on proteins or other macromolecules, 
e.g., by immunological tests as for blood groups, etc.) 


8.3. Comparison of different methods of genetic 
analysis 

8.4. The future of this research 

8.5. Genetic and linguistic evolution 


and evidence from physical anthropology in the nar- 
row sense (observations of anthropometric and anthropo- 
scopic characters like stature, bone and tooth measure- 
ments, and qualitative traits such as skin color, etc.). 
Physical anthropology has permitted us to dig into the 
past and is, in this sense, superficially more attrac- 
tive than genetic information, which has so far enlight- 
ened us concerning only living populations. This situa- 
tion is in the process of changing, however, and great 
expectations about the possibility of analyzing “fossil” 
DNA are being generated. It should be stressed, how- 
ever, that physical anthropology data are not entirely re- 
liable for purposes of reconstructing history; they are 
susceptible to short-term change because of either nat- 
ural selection or direct phenotypic modification. Natu- 
ral selection causes convergence, or divergence in ways 
and directions that have nothing to do with coancestry, 
and can cause serious errors in historical interpretation. 
Direct phenotypic modification introduces even worse 
misunderstandings. Genetic data are entirely free from 
the second type of error and are largely free from the 
first type. The main reason for the lack of deviations 
caused by natural selection is that many—probably the 
great majority —of the genetic traits we study are selec- 
tively neutral. Especially when a wide range of genetic 
data is considered, it seems extremely unlikely that se- 
lective convergence or divergence would cause serious 
deviations. 

It is therefore essential to understand that evidence 
from physical anthropology in the narrow sense and that 
from genetics are subject to different constraints and pro- 
vide different information. It is also important to keep in 
mind the distinction between genetic evidence from gene 
frequencies for polymorphic genes, which have formed 
the bulk of the material considered in this book, and mu- 
tational changes observed between individuals as studied 
in some approaches to mitochondrial DNA, which have 


been less extensively investigated. The interpretation of 
the two types of genetic information relies on different 
methods of study and leads to different types of con- 
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clusions: the first considers populations, and the second 
considers single individuals or groups of them, which 
cannot be equated to populations. 


8.2. THE USES OF GENETICS IN HUMAN EVOLUTIONARY HISTORY 


Having introduced these caveats, the use of genetic 
data for reconstructing what is, in a wide sense of the 
word, human history, has the attraction of bringing in 
hard data where there is only softer evidence or no in- 
formation at all. Genetic data are strongly reproducible, 
and, if need be, the size of samples can usually be 
increased to decrease statistical error. Difficulties may, 
however, arise later, at the level of interpretation. Some- 
times, the evolutionary understanding of the genetic data 
is straightforward. But this is not always true; and when 
one is interested—as we are here—in historical interpre- 
tations, one may still be overwhelmed by the complexity 
and the multiplicity of possible explanations. Hard data 
are nice, but their interpretation may still suffer from 
the weakness of historical research: unlike ordinary ex- 
perimental data, the events in which one is interested 
cannot be reproduced at all. Thus, interpretation of hard 
data may be soft. Nevertheless, the collection and use 
of genetic evidence on populations of historical interest 
is a healthy trend that should be further encouraged. It 
is fortunate that a fair number of scientists enjoy collect- 
ing genetic information on populations for the purpose 
of understanding their origins. Genealogical interest is 
common and may correspond to some deep-rooted hu- 
man custom or drive. Otherwise, the thousands of arti- 
cles that make books like this possible would not exist. 
Those of us who have collected data know that it is usu- 
ally demanding work. We all owe considerable gratitude 
to these thousands of scientists, some of whom, in par- 
ticular A. E. Mourant and his collaborators, have truly 
dedicated their lives to it. 

Naturally we have to be humble enough to recognize 
the limitations and the gaps that will probably remain 
forever in our attempts to reconstruct the genetic his- 
tory of humans. The laboratory scientist, who is used 
to asking problems answerable in a firm way by setting 
up appropriate experiments, may find historical problems 
unattractive because in this case it is much more difficult 
to choose without reasonable doubt between a variety of 
possible explanations. The historian cannot devise strictly 
controlled experiments for unambiguously testing differ- 
ent possible hypotheses. Yet he can often find clues that 
allow him to give a reasonable backing to his conclusions. 
There is also considerable intellectual stimulation from 
trying to make some headway toward understanding a dif- 
ficult puzzle by using pieces from very different sources 
of knowledge and introducing new informative ones. 


Some of the specific conclusions we reach in this book 
are new or differ in a number of points from those that 
others have expressed before. It has been difficult to 
make sure that all previous opinions and data were duly 
acknowledged, and we apologize to those authors who, 
for one reason or another, were not cited or whose ideas 
were not considered. Our effort was truly one big in- 
vestigation in which we have tried to reexamine with- 
Out preconceptions an enormous amount of material. We 
have given priority to data rather than to earlier interpre- 
tations; even so, we may have lost a fraction of existing 
data. We have given as much weight as we could to the 
need for using as many genes as possible. This has led us 
to the innovative procedure of making comparisons that 
are not, or not always, based on exactly the same genes. 
In practice, most or many of the genes are nevertheless 
the same, because some polymorphisms have been stud- 
ied much more frequently than others. This approach 
is entirely justified if the sample of genes used each 
time is large and can be considered random. It is diffi- 
cult to test in a completely rigorous way how close we 
come to this requirement, and this may generate a lim- 
itation to our conclusions that future research may test. 
Had we tried to compare populations strictly on the basis 
of the same genes, the number of available genes would 
have shrunk beyond acceptability in a great number of 
cases. However, the data are there and can be tested by 
other approaches. 

We obviously do not claim that all our interpretations 
are correct. At least some of them are provocative, and 
we offer them for further testing by other techniques or, 
perhaps more usefully, by a larger number of data. Some 
more genetic information has appeared in the literature 
since our data collection was finished, and more will ap- 
pear in the future. No new hypothesis is usually accepted 
in science unless it is confirmed by at least another in- 
dependent laboratory. Other scientists may want to retest 
the new and nontrivial interpretations we suggest before 
accepting them; this is the normal course of science. It is 
difficult to predict how many or which of our hypotheses 
will be confirmed in the long run. Even if, in the worst 
hypothesis, many of them were to fall under the axe— 
and we have obviously tried to use statistical procedures 
that should minimize the probability of such an event— 
we would feel these incorrect interpretations have ben- 
efited science in that they are clearly stated and have 
stimulated others to test them and set the record straight 
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if necessary. One great advantage of genetic data is that 
they can be increased almost at will, at least as long 
as individuals of the populations of interest or samples 
of their hereditary material are available. Another ad- 
vantage is that the statistical significance of conclusions 
can be tested. Few other historical sciences, including 


8.3. COMPARISON OF DIFFERENT METHODS 


We have used various types of methods for genetic 
analysis: trees, PC maps, geographic maps of single al- 
leles, or synthetic maps summarizing the information 
from many alleles, the correlation between geographic 
and genetic distances under the form of standardized 
variograms, and others. Other methods have been devel- 
oped too recently to use here. One of them is the anal- 
ysis of genetic boundaries (Barbujani and Sokal 1990), 
which has promise and has already been useful for show- 
ing correlations with physical and linguistic boundaries. 
The method is not programmed to form close boundaries 
and therefore cannot delimit regions. This demand may 
be hard to satisfy, given that boundaries are sharp clines 
and sharp clines do not necessarily exist in all directions 
around any region. Another method that has now reached 
a certain degree of development (Sokal and Oden 1978; 
Sokal 1979; Sokal and Menozzi 1982; Sokal and Warten- 
burg 1983; Sokal et al. 1986; Sokal et al. 1989) is the 
study of autocorrelation in space. We have limited our 
study to the correlation of genetic and geographic dis- 
tance by using standardized variograms. In principle, au- 
tocorrelation in space is a Statistical study of geographic 
maps. The maps themselves are always easier to read 
and carry more detail. Autocorrelation analysis is a use- 
ful supplement for providing tests of significance of the- 
oretical geographic trends (Sokal et al. 1991). 

It may be of some interest to summarize the interpre- 
tive logic of the methods we have used on the basis of 
our comparative experience. No method is completely 
adequate by itself, and one can only gain by looking at 
the data in a variety of ways, which may supplement 
each other very usefully. Even so, some methods are 
more commendable than others, depending on the na- 
ture of the questions we ask. 

In spite of their serious flaws, trees remain very use- 
ful. There are problems in choosing methods. The type 
of genetic distance is not too critical; more important is 
the choice of the tree method. We have described, how- 
ever briefly, several ways of constructing trees. We have 
heavily relied on average linkage (UPGMA sec. 1.12b) 
because it is also very fast with large numbers of popu- 
lations and gives results close to maximum likelihood. It 
therefore corresponds to a specific evolutionary model: 
independence of branches (no selective convergence 
or divergence, no admixtures) with a constant evolu- 
tionary rate. Both hypotheses may be wrong in specific 


archaeology and linguistics, enjoy this advantage to the 
same extent. 

When it seemed necessary, we have clarified the un- 
certainties tied to some statements, and we have chosen 
to stress rather than to ignore earlier wrong conclusions, 
including our own, when this could be instructive. 
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cases, hence some of the flaws of the method. But us- 
ing other techniques of tree reconstruction does not nec- 
essarily help, and methods of maximum parsimony re- 
ally have no strong theoretical backing in the study of 
gene frequencies. Minimum-evolution methods, which 
give similar but not identical results, may be better, but 
the method that is simplest to use in practice (neighbor- 
joining; Saitou and Nei 1987) needs to be tested by a 
variety of simulations before its usefulness can be eval- 
uated in full. In any case, it seems to suffer from the 
same drawbacks as maximum parsimony: it does not cor- 
respond to a specific evolutionary hypothesis that can be 
tested. 

Other difficulties are the need of substantial data for 
obtaining significant results, and the problems of test- 
ing significance. In recent years, the bootstrap has been 
a very valuable addition to the arsenal of tree analysis. 
Not only can it test the significance of tree segments 
and nodes, but it can also point to potential admixtures. 
The rather lengthy procedure of comparing trees from 
many bootstrapped distance matrices is simplified by a 
computer algorithm developed by E. Minch (unpubl.), 
which has, incidentally, confirmed that our data on the 
world tree leave uncertain the order of separation in the 
tree of New Guinea, Australia, and Southeast Asia. This 
problem requires further analysis. As to the other poten- 
tial problem in interpreting trees, selective convergence, 
it is likely to generate fewer difficulties than do admix- 
tures. By providing easy access to knowledge of ances- 
tral alleles, molecular genetics is starting to give us some 
clues, but much more work will be necessary before an 
adequate set of data is generated. 

Two-dimensional displays of the first two principal 
components are a useful supplement to trees. Especially 
(but not only) in the way in which we have calculated 
them, via genetic distances and not via correlations be- 
tween gene frequencies, PCs tend to give results similar 
to those of trees, and theory (Cavalli-Sforza and Piazza 
1975) explains that this is, indeed, expected. But PCs 
are more flexible (relying on a greater number of pa- 
rameters) and seem to provide interpretations that are 
occasionally more sensible—in situations made difficult 
by the poverty or complexity of data—than those given 
by trees. Inevitably, this is a subjective impression, but 
experience teaches us to use common sense in accepting 
conclusions from statistical methods. 


It seems reasonable to say that trees are more an 
expression of history. Indeed, in their evolutionary in- 
terpretation, they do represent a temporal sequence of 
fissions. By contrast, two-dimensional PC displays ex- 
press geography. Frequently, in fact, two-dimensional 
PC maps resemble geographic maps of the populations, 
though with characteristic distortions. One may think 
there is a paradoxical situation, even a contradiction, 
when we note a high similarity between trees and PCs. 
This is only apparent because, at this level of approx- 
imation, history and geography are themselves highly 
integrated. 

We have not explored in any detail the correlation be- 
tween two-dimensional PC maps and geography, in spite 
of well-known methods for carrying out this job (which 
has been aptly called “Procrustean’; Sch6nemann and 
Carroll 1970; Lalouel 1973). Frequently the similarity 
to geography is self-evident and, if it is not, there is not 
much to be gained in forcing it on the data and mea- 
suring it. The correlation of genetic and geographic dis- 
tances does a similar analysis in a more synthetic way. 
In almost every geographic map of gene frequencies, we 
have given the “variogram” analysis, which shows the 
increase of genetic distance with geographic distance. It 
replaces the display introduced by Morton (1982; Morton 
et al. 1971, 1982) of an inverse relationship between ge- 
netic similarity and geographic distance. Both relations 
have an initially linear portion (in one case increasing, 
in the other decreasing) and an asymptote. We insisted 
on calculating “standardized” variograms gene-by-gene 
for detecting possible heterogeneities, which exist and 
agree with other findings on the same genes but are less 
important than we thought. Many variograms are not 
linear, either because the information for the particular 
gene is insufficient, or because the pattern of geographic 
variation is far from that expected at equilibrium. In a 
majority of cases, however, there are enough data, or 
enough time has elapsed since major migrations of the 
past, that genetic distance in many variograms increases 
monotonically with geographic space. 

In difficult cases, analyzing the matrix of genetic 
distances can provide some help. Distance matrices, if 
large, may be threatening. One can reduce the threat 
enormously by ordering populations according to a tree. 
A “good” matrix, with good treeness (no admixtures, no 
large discrepancies in evolutionary rates) will then show 
a structure of rectangular and triangular blocks that are 
self-explanatory, and which we have exemplified. Pe- 
culiarities because of admixtures or other complications 
may then pop up as relatively simple deviations from this 
block structure. Smaller values in the row and column 
belonging to the mixed population will usually appear 
upon inspection, but the accurate analysis of admixtures 
is demanding. It is simplest when restricted to the two 
putative ancestors and the mixed population, but most 
existing methods have tried to account very accurately 
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for the least important sources of errors, ignoring the 
serious ones (e.g., the occurrence of more than two pu- 
tative ancestors), and there is the need for more work 
along these lines. 

It is commonly believed that, unlike trees or princi- 
pal components, the matrix of distances carries all the 
information. This is not entirely correct, because dif- 
ferent genes may lead to different evolutionary conclu- 
sions, and genetic distances calculated as averages of dis- 
tances for single genes may hide such facts. Fortunately, 
there is only limited evidence that this phenomenon is 
really important, but we have not systematically looked 
for it. 

Geographic maps of single alleles provide a visual aid 
to appreciating the extent and the details of genetic vari- 
ation. We chose to extend the use of maps as much as 
possible, even if parts of the area are not well known 
genetically and had to be extrapolated from nearby ge- 
netically known areas. We were not worried about ex- 
trapolating even long distances from known points, 
because the locations of available data are always indi- 
cated and give a visual feel for the hazards of relying on 
the map value for locations at a great distance from ob- 
served gene frequencies. Local heterogeneities of gene 
frequencies that are statistically significant (at the ex- 
pected rate of one per map, if everything is random) are 
also displayed on maps, and they are certainly more com- 
mon than one would expect by chance alone. There is 
considerable heterogeneity, in some regions more than in 
others, and we have stored statistical information while 
building maps that we decided not to use here for reasons 
of book space. 

Gene-frequency geographic maps were built as the 
necessary basis for calculating synthetic maps, and it is 
interesting to note that one can anticipate genetic patterns 
found in synthetic maps by inspecting the geographic 
maps of single alleles. This is obviously not surprising. 
Synthetic maps are much more efficient than maps of 
single genes in giving a visual impression from which 
one can derive a fairly accurate knowledge of the ori- 
gin and direction of population movements or location 
of isolates. 

Unfortunately, synthetic maps do not give direct in- 
dications with respect to the time of the population 
phenomena involved. Some indirect information can 
be gained. Simulations are still limited (Sgaramella- 
Zonta and Cavalli-Sforza 1973; Rendine et al. 1986), 
but those in existence show that for major migrations, 
the most important factor is the ratio of numbers of 
migrants to that of earlier settlers. This is reflected in 
the rank of the principal component: the first is the most 
important one, and its relative importance is determined 
by demographic factors such as the final population 
densities of migrants versus those of earlier settlers. Lo- 
cal genetic anomalies (absolute or relative maxima and 
minima) observed by synthetic maps are those that affect 
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many genes simultaneously and are therefore the con- 
sequence of local genetic drift; the clines observed in 
synthetic maps frequently must be the result of major 
migrations (often, population expansions). These clines 
have not been completely smoothed out by later lo- 
cal migration, which usually takes many millennia to 
level major clines, as shown by simulation. The ac- 
curacy of the location of maxima or minima depends 
on the resolution of the map, that is, the unit used 
for map interpolation, which is usually of one or more 
degrees. 

Three major phenomena are detectable by synthetic 
maps. 

1. Expansions from a center of genetic diffusion can 
be observed from synthetic maps if, initially, the expand- 
ing population differed genetically from that living in the 
area into which the expansion occurred. If the center of 
diffusion is not too large, its geographic location can be 
distinguished fairly accurately. The majority of “demic” 
(population) expansions detected in the synthetic maps 
of higher order seem to be associated with patterns of 
expansion of Paleolithic or Neolithic people, or both. 
Population densities were lowest during the Paleolithic, 
and therefore drift was most extreme; the greatest ge- 
netic differences were established during this time, that 
is, before 10 kya. In Neolithic times, the introduction 
of agriculture caused a substantial increase in population 
density, the numerical importance of which was rarely 
equaled later: increases by factors of 10 or 100 times 
occurred in a matter of millennia, sometimes in a few 
centuries. It is therefore fitting that the genetic patterns 
observed in synthetic maps of higher rank were largely 
determined in Paleolithic and Neolithic times, keeping in 
mind that these patterns are relatively resistant to later 
change. 

In any case, major demographic phenomena must be 
invoked to explain highest principal components. In 
terms of ratios of increase of population densities over 
previous settlers, clearly the most ancient epochs are 
those most likely to be involved, and these are the 
ones usually found in synthetic maps. One can para- 
phrase this conclusion by saying that the most readily 
observed genetic patterns are determined by the most an- 
cient events. This is only a rough guide to the problem 
of timing the phenomena underlying the genetic patterns 
found in synthetic maps, but is better than no guide at 
all. 

2. Dark or light local areas observed in a synthetic 
map are probably the consequence of drift differentiating 
a local population from its neighbors. If this initial local 
divergence was followed by some population increase — 
not enough perhaps to determine a large expansion— 
and not followed by immigration from the outside, there 
might be a local maximum or minimum, usually sec- 
ondary, and not necessarily accompanied by evidence of 
expansion from it. The examples of Basques and Lapps 


in Europe are the most striking. Other examples are lo- 
cal dark or light areas in the second and third synthetic 
maps of Italy. The dark area north of Rome correspond- 
ing geographically to ancient Etruria may reflect a lo- 
cal, minor population increase determined by the high 
level of agriculture and social organization of Etruscans 
in the first half of the first millennium B.c. The ini- 
tial genetic difference may have been generated either 
by local inbreeding and drift, or by the arrival of mi- 
grants from elsewhere. The latter origins are suggested 
by ancient legends; more substantive information may 
come from genetic data yet to be obtained on popu- 
lations from the possible areas of origin, or from typ- 
ings of Etruscan bones. Some population increase at the 
time of Etruscan rise, which is very likely, accompa- 
nied and followed by relative genetic isolation, which 
is possible, would be sufficient to allow the conserva- 
tion of traces of this genetic isolate. In other cases —for 
example, the Ligurians in the northern Appennines— 
conservation of the genetic differences may simply be 
the result of the original population having remained 
less mixed in the refuge offered by high valleys in rel- 
atively inaccessible mountains. Demographic considera- 
tions may help distinguish this interpretation from that of 
a later differentiation caused by local drift. Every case 
may require a special analysis, remembering that popu- 
lation sizes and migration patterns are the determining 
factors. 

3. Although expansions are usually the consequence 
of population explosions, the opposite, “implosions,” 
can also occur. A capital may attract immigrants from a 
large area. In earlier synthetic maps of Europe (Menozzi 
et al. 1978a)—but not in the present ones, which use 
a smoother method of interpolation—in the approximate 
locations of Paris or London, one can detect areas of 
peculiar density and color that are similar in density and 
color to the area of origin of migrants. The migration to 
capitals does not usually or necessarily take place from 
immediately neighboring areas, but rather from poorer 
areas farther apart: the north of the British Isles for Lon- 
don, and the south of France for Paris. Thus, when the 
resolution is adequate, the capitals may show as an is- 
land of different color from the immediate background. 
In the maps of Italy, the present capital, Rome, and the 
old capital of the south, Naples, are different from the 
rest of the country. 

The detailed interpretation of synthetic maps requires 
historical or archaeological information. Archaeologi- 
cal maps of artifacts that indicate contacts, and perhaps 
also migrations, do exist but are usually of poor qual- 
ity in terms of completeness or detail. They are badly 
needed for our purpose. The distribution of relevant ar- 
tifacts in innumerable museums, and the rarity of ex- 
act origins and dates for such artifacts, make the con- 
struction of improved maps a demanding but important 
job. 


8.4. THE FUTURE OF THIS RESEARCH 


The summaries in chapters 2 to 7 make a general sum- 
mary redundant. It seems more constructive to dedicate 
some space to discussing the future of research on this 
topic and, in particular, the type of data that should be 
collected. 

A great hope is that some crucial paleoanthropological 
material may still contain enough unfragmented DNA to 
be analyzed by the most recent techniques (Paabo et al. 
1989). Unfortunately, material that can be examined in 
this way is probably very limited. At the time of writing, 
the most hopeful example refers to an unknown Indian 
tribe that lived near Windover, Florida seven to eight 
millennia ago. The bodies, probably the result of cere- 
monial sacrifice or burial, belong to 91 individuals who 
died over a period of 1000 years. They were found in a 
peat bog under water of high saline content and nearly 
neutral pH; these conditions are responsible for the ex- 
cellent conservation of the DNA of several brains, which 
could be amplified and shown to contain various HLA 
reactivities (Doran et al. 1986; Paabo et al. 1988). How- 
ever, DNA may be fragmented under these conditions, 
and the reliability of genetic information obtained from 
very old material is uncertain at this time. Other similar 
studies may be of very high value, but it is too early to 
assess the chances that similar material in good condi- 
tions of conservation will be found from several different 
places, times, and individuals. 

The methodology of statistical analysis 1s still far from 
perfect; no single method gives exhaustive answers. 
Confidence in results from a single method is therefore 
almost as dangerous as confidence in conclusions from 
a single gene. There are a number of preconceived ideas 
about which methods are preferable; they are usually 
not expressed, and they are mostly unjustified. We have 
stated our reasons for preferring some methods, but we 
also believe it essential to try several different ones and 
compare the results, keeping in mind the idiosyncratic 
properties of each method. The major advances that are 
desirable are the development of satisfactory methods of 
reconstruction of networks—trees with admixtures —and 
of further statistical testing along the lines of bootstrap- 
ping. 

We are now at a crossroads in the genetic analysis of 
human populations for two important reasons. The first is 
that a number of populations of considerable interest are 
rapidly disappearing. They are usually not physically en- 
dangered, but changes in living conditions and the open- 
ing of large areas to exploitation and/or development are 
rapidly and irreversibly altering the tribal worlds that 
still survive on every continent. The disappearance of 
the old ways of life destroys the old communities. Their 
dispersal makes it practically impossible to sample them; 
it is only for a few markers (from mtDNA and part of the 


EPILOGUE 377 


Y chromosome) that cross-marriages with members of 
other communities do not provoke a profound disruption 
of their genetic identity. The number of linguistic com- 
munities that are on the verge of extinction is appalling, 
as a perusal of Grimes (1984) shows. With the disap- 
pearance of language, that of tribal identity is likely to 
follow sooner or later. 

The second reason is that our perspectives on meth- 
ods of laboratory analysis have changed fairly radically 
in the last few years. The data used in this survey 
are mostly those obtained with the “classical” polymor- 
phisms. These methods are still being used, but their 
popularity is likely to decline in favor of new techniques, 
which also have the advantage of being highly stream- 
lined, so that they will be automated in part or in full 
within the next few years. The number or type of genes 
that one could use is limited only by the extent of the 
financial support, a crucial consideration. The number 


‘and type of genes employed are important now that DNA 


analysis allows so many more choices. As to the number 
of genes to be used: our empirical results indicate that 
50 polymorphisms (independent alleles, possibly from 
many loci) are a minimum for applications to simpler 
trees but not to bigger ones. One hundred or more may 
not solve all the problems of trees with many popula- 
tions but are clearly better and, in fact, necessary for 
large trees. For research on complicated trees with ad- 
mixtures, more than 200 may be necessary. Whenever 
we have used a small number of polymorphisms (50 or 
less), results seem shakier. The degree of resolution de- 
pends on this number. 

With the new molecular techniques, one can choose 
special polymorphisms with a higher number of alleles, 
but the number must not be so high that the distinction 
between different alleles is impaired (see a discussion 
of this point later). A reasonable balance of the num- 
bers of loci and alleles in making up the total number 
of polymorphisms should also be reached. Too few loci 
with too many alleles—as, for example, when one uses 
only HLA or just one locus like mtDNA — leave room for 
the feeling of not being guaranteed against possible id- 
1osyncrasies in these genetic systems. Moreover, adding 
another allele to a multiallelic system is not statistically 
as efficient as adding a new biallelic locus (Pamilo and 
Nei 1988). 

Even where one can reach satisfactory results with 100 
polymorphisms, it is obviously better to use more. For- 
tunately, the new molecular methodologies lend them- 
selves to automation, which is in the process of develop- 
ing especially under the impetus of the Human Genome 
Project. This and the chance of using a number of new 
classes of DNA polymorphisms (summary in Bowcock 
and Cavalli-Sforza 1991) open up totally new vistas. One 
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may also choose different types of genes, depending on 
the populations being compared. For our purposes (dis- 
tant populations), we prefer genes that have very low 
mutation rates because they are expected to have fewer 
alleles. This decreases the probability of confusion be- 
tween alleles that might seem identical because of the 
testing technique in use, but are actually the result of 
different mutations. With DNA, one can sequence, and 
in some cases distinguish, mutations that appear simi- 
lar by techniques of lower resolution but are not. If the 
Same mutation appeared more than once, it may still 
be possible to distinguish different mutational events by 
studying neighboring polymorphisms (the haplotype) in 
which they are found. This method, however, is not as 
foolproof as it might seem, because gene conversion may 
transfer a mutation or a segment containing more than 
one mutation to another haplotype. 

Rather than having too frequent ambiguities because of 
recurrent mutation, it is preferable to use polymorphisms 
with low mutation rates, as indicated by the small num- 
ber of alleles. This preference of loci with fewer alleles 
does not exclude HLA, which owes part of its multiplic- 
ity of alleles to selection for diversity and not necessarily 
to high mutation rates. It excludes many “satellite” DNA 
systems (Jeffreys et al. 1990), which show an enormous 
variety of alleles, most of them difficult to identify pre- 
cisely. Some of this has been shown to be due to high 
mutation rate. But for certain comparisons—for exam- 
ple, between very similar populations—one may need 
genes that have a higher number of alleles. Demands in 
this case are not unlike those of forensic problems (search 
of paternity, identification of sources of spots of blood or 
other material) or special research problems (identity of 
twins, linkage in pedigrees). In all of these studies, not 
only in those of populations, one wants to use genetic 
systems in which the number of alleles is not so high 
that the identity of spots shown by a probe in different 
individuals can be in doubt. The location of spots may be 
subject to small variation, and when different spots are 
too numerous, identification may be difficult. The muta- 
tion rate may be high enough to generate many mutants 
with similar or identical appearance. Somatic mutation 
may also further undermine the interpretation of results 
(Bowcock and Cavalli-Sforza 1991). 

The new methodologies of analysis at the DNA level 
make it possible to store hereditary material from indi- 
viduals and examine it at a later time, with less con- 
straints than those encountered for storing and examining 
classical markers. By “immortalization” of B lympho- 
cytes (infection by Epstein-Barr virus causing these cells 
to multiply indefinitely in culture), one can also assure 
a potentially infinite supply of DNA from an individual. 
The only known limitations to the use of this DNA 
are the rearrangements of DNA regions synthesizing 
immunoglobulins. The main advantage of immortal- 
ization is that it provides a potentially infinite amount 


of material for testing. More recently the amounts of 
needed DNA have decreased; and it is possible to store 
DNA for long times in relatively small amounts and use 
it for many tests. The conditions are therefore entirely 
favorable for collecting blood samples from disappear- 
ing aborigines now, by storing preferably, but not exclu- 
sively, lymphoblastoid cultures. 

One cannot overemphasize the need for not wait- 
ing to strengthen the effort of collecting blood sam- 
ples from populations of importance and storing them in 
DNA banks. An initiative in this direction was taken by 
one of the authors (Cavalli-Sforza) in collaboration with 
professor K. Kidd of the Yale Genetics Department 
(Bowcock et al. 1987; Cavalli-Sforza et al. 1987), but 
because of limited financial support the number of pop- 
ulations immortalized so far is small (less than 20). Im- 
mortalization is fastidious and relatively expensive, but 
not too elaborate, and could be done in many laborato- 
ries around the world including developing countries, af- 
ter appropriate training and some addition of equipment. 
The main limitation is the need for a liquid nitrogen 
supply, not easily available outside developed countries. 
If immortalization were carried out in some laborato- 
ries in suitable locations—for example, in Asia and in 
South America—the problem of transporting blood sam- 
ples would be greatly simplified. For a high probability 
of success, blood samples have to reach a laboratory 
in which the procedure can be carried out within 48— 
72 hours after collection. The great majority of critical 
populations are far from international airports, and they 
are almost all in developing countries where equipped 
laboratories are rare, but not nonexistent. Immortaliza- 
tions are expensive; the minimum cost for 50 individu- 
als is about $10,000, plus collecting and shipping costs. 
But there is no need to immortalize every population in 
existence. Moreover, the more expensive procedure of 
immortalization may be reserved for the exceptionally 
interesting and unique populations, of which there ex- 
ist only a few hundred. The effort could be shared by 
a number of laboratories (Cavalli-Sforza et al. 1991). 
The cost could be perhaps 2% of that of the Human 
Genome Project which, in its original format, did not 
include any study of individual variation. An initiative 
called the Human Genome Diversity is being developed 
to meet these needs (see Cavalli-Sforza et al. 1991 and 
reports by Roberts 1991 and 1992). We know that an im- 
portant part of the genome varies greatly from one indi- 
vidual to another and that this information is important. 

From all these considerations, it follows that one 
should not wait any longer to start a collaborative study 
that could save the endangered information about the ge- 
netic history of Homo sapiens sapiens from disappear- 
ing. We have developed many ideas on criteria for col- 
lection and it may be worth listing at least some of them. 
Several considerations are of importance in choosing in- 
dividuals and/or groups. 


1. Direct information on gene flow into the group, the 
more detailed the better, is extremely important. Usu- 
ally, this information is restricted to the most recent pe- 
riod. Groups that had notorious and frequent acceptance 
of neighbors as marriage partners, especially of entirely 
different origin, are obviously less good candidates for 
sampling. 

2. Except for rare circumstances, children of exoga- 
mous matings (one parent external to the group) should 
not be sampled. The rationale for this exclusion is that, 
in most parts of the world, exogamy has probably in- 
creased in the last decades. Demanding that all known 
remote ancestors be from the group is usually unrealistic, 
but as a minimum, one should include only people who 
have both parents born in their same group (be it tribe, 
village, or whatever unit is used). In some cases, this 
rule can be extended to include the four grandparents. 

3. Marked acculturation indicates extensive contacts 
with neighbors at a different level of development, which 
may be old and have favored genetic exchange for a long 
time; such samples should be avoided if possible. 

4. Very small populations (one to a few hundred in- 
dividuals) may have been exposed to drift so profound 
that their gene frequencies may have been altered capri- 
ciously and dramatically; they are therefore less inter- 
esting for these purposes, but some such groups—for 
example, from the Andaman Islands—are so unique that 
all their adult members should be immortalized even if 
there are only 100 or fewer. 

5. Cities should be avoided as much as possible as 
sources of samples. They usually represent immigrants 
from a poorly defined area and a poorly defined earlier 
period. At least until recently, most cities have never re- 
produced their population number, which has been main- 
tained or increased mainly through immigration. Cities 
are therefore a poor source of samples, except for first- 
generation immigrants or their immediate descendants. 

6. Rural areas are better sources than urban ones, and 
an analysis of local history is always desirable and fre- 
quently possible. 

7. Areas that have had the least immigration over the 
centuries are those that are economically poor and geo- 
graphically isolated. They may have been occupied as 
refugia in early times by people who were chased from 
their original abode by latecomers. Most mountainous 
areas fall in this category and are therefore of great in- 
terest; the main limitation is that they are subject to drift 
as in (4). For this reason, it is better to sample, not 
from a single village, but from a larger, fairly homoge- 
neous region, like a valley with a number of villages and 
inhabitants, taking only a few individuals (or even only 
one) from each village. Here demographic and surnames 
studies are especially useful for identifying the patterns 
of gene flow. 

8. Important developments in the strategy of popu- 
lation sampling may be introduced when sequencing of 
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highly variable segments of DNA 1s more common. Cur- 
rently, there exist data for only some regions of mito- 
chondrial DNA and, to a more limited extent, for some 
HLA genes. The extension of this practice will probably 
revolutionize the field when automation of the procedure 
is more advanced. 

It would be useful to prepare a list of populations that 
seem to deserve detailed study. This list will demand 
considerable work in consultation with anthropologists. 
What follows is not a list but a series of loose consider- 
ations on the theme, organized by continent. 


Africa. In Africa all populations of the Sahara should 
be studied (some have been almost entirely inaccessi- 
ble for many years, like those of southern Lybia and 
northern Chad). Ethiopia and, in general, East Africa 
also need thorough studies; the forested area in western 
Ethiopia, and the Omotic-speaking tribes deserve much 
attention. Populations from southern Sudan are in con- 
siderable distress from civil war but are of great inter- 
est. The possible traces of Khoisan and/or Asian popu- 
lations in East Africa are worth considerable attention. 
In South Africa, the Khoisan are slowly disappearing 
and have not been immortalized in sufficient numbers; 
some Pygmy groups might be further studied. The great 
number of tribes in the west, center, and south of Africa 
offer unlimited challenge. They are fairly homogeneous 
genetically, but there are still enough differences among 
them that may help in understanding the different agri- 
cultural expansions that took place in the area. A number 
of other small groups, a few of which are still hunting 
and gathering, are probably residues of older, preagri- 
cultural populations. The possible connections because 
of the putative Saharan origin of pastoral tribes of sub- 
Saharan Africa are worth exploring further. 


Asia. In Asia there exist the two largest populations 
on Earth: Chinese and Indians, who are together respon- 
sible for almost a half of the world population. Both 
of them are highly heterogeneous genetically. In India 
there are a number of potentially very interesting “Aus- 
traloid” populations, so-called because of their exterior 
phenotype, which are possible remnants of migrants 
from Africa to Australia during the early spread of H. 
sapiens sapiens. They are few and far between, but they 
are well worth a very detailed analysis. They may be 
similar to other related groups (often called Negritos) 
in the islands (the Andamanese, in particular) in the 
Malayan peninsula and in insular Southeast Asia. The 
great number of ethnic minorities in China, almost all in 
the south and a few in the west, are now being studied 
systematically at Academia Sinica in Beijing. These mi- 
norities are characterized by having kept their language, 
but they may be related to many neighbors, who have 
been absorbed in the Han culture over the centuries. An 
interesting problem here is the genetic boundary between 
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Northeast and Southeast Asia and its correlation with ar- 
chaeological and paleoanthropological observations. Not 
only Negritos, but many other populations of mainland 
and insular Southeast Asia have been poorly studied and 
are potentially very interesting. 

The movements that have taken place in Siberia in the 
last few centuries may make it more difficult to trace 
the connections between Siberians and early Americans, 
but all tribes that have not been excessively acculturated 
should be immortalized. The possible participation of 
people from the Japanese archipelago in expansions are 
worth being considered further; islands around Japan and 
the low-caste Japanese, the Etas, are potentially very 
interesting, if there truly is hereditary transmission of 
this social condition. 

West Asia is normally considered a hodge-podge of 
populations that have been completely altered by too 
many wars, invasions, and successions of empires. 
The effect of conquest by armies is often trivial in 
terms of genetic demography, unless truly large-scale 
genocides took place and mass migrations—forced or 
spontaneous — of the vanquished people occurred. In any 
case, mountainous parts like the Caucasus and several re- 
gions of Turkey should be explored carefully. If the pop- 
ulations of southern Iraq (the “marshland people’) can 
be traced in spite of the recent wars that have deeply 
affected the areas they occupied, their historical connec- 
tions with Sumerians make them particularly interesting. 


Europe. Lapps have distinct dialects, and the dif- 
ferent groups have also different degrees of accultura- 


8.5. GENETIC AND LINGUISTIC EVOLUTION 


One of the most intriguing results of this inquiry was 
the finding of important correlations between the genetic 
tree and what is understood of the linguistic evolution- 
ary tree. It is well known that languages evolve so fast 
that the tracing of ancient relationships is difficult. No 
linguist doubts the existence of phylogenetic relation- 
ships between languages of the Indo-European family; 
and even if there is some disagreement over the exact 
boundaries of many other linguistic families, most of 
them are widely accepted. The major disagreement arises 
over the American languages, as we have discussed. 
A fairly large group of Americanists from the United 
States would like to recognize no less than 50—60 fami- 
lies among which no relationship can be discerned (see 
chap. 6). Greenberg (1987), developing ideas that orig- 
inated in part with Sapir and Kroeber, grouped all these 
languages in one family, Amerind, and distinguished it 
from two other families of North-American languages, 
Na-Dene and Eskimo. 


tion and mixture with other Scandinavians and should be 
studied separately. Basques from the core of the Basque 
area (Guipuzcoa) have not been intensively studied; iso- 
lated populations in the Pyrenees, Alps, Appennines, 
Carpathians, and, again, the Caucasus deserve further 
analysis. In general, all these populations would gain 
from parallel studies of demography, linguistics, genet- 
ics, and surname distribution as done, for instance, in 
Sardinia. There are many other other groups of interest 
to be studied in Europe. 


America, Australia, New Guinea and the Pacific Is- 
lands. These areas simply have too many populations 
to be analyzed. Criteria for choice are: size not too small; 
least acculturation; least, possibly no admixture, espe- 
cially with Caucasoids and Africans, but also with other 
tribes. It would be best to choose populations represent- 
ing different linguistic groups. There are serious limita- 
tions for reaching many populations; the most interest- 
ing ones are the most difficult to sample. Much single- 
handed work was done in New Guinea by Carleton Gaj- 
dusek, unfortunately at a time when nobody knew that 
white cells could and should have been preserved; oth- 
erwise, there would be an incredibly good collection of 
New Guinea samples already in cold storage. 

In the above, we have considered the tribal world, but 
modern populations should also be studied even though 
they are in lesser danger of disappearing, and it is not 
necessary to immortalize them. Many of them could be 
sampled most easily through blood banks, by carefully 
selecting donors whose origins are better known. 


There is clearly a profound chasm between these two 
views, and agreement may be difficult to reach because 
methods are widely different on the two sides. Our ob- 
servations go a long way in supporting the major state- 
ments by Greenberg. 

The central question is, why should there be any con- 
gruence between genetic and linguistic evolution? The 
main reason is that the two evolutions, in principle, 
follow the same history, which can be represented, in 
a simplified or sometimes oversimplified way, as a se- 
quence of fissions. In two or more populations that have 
separated, there begins a process of differentiation of 
both genes and languages. One does not need to assume 
that the genetic process has evolutionary rates that re- 
main strictly constant in the various branches, as long as 
there exists a very rough proportionality (more generally, 
a monotonic relationship) of the accumulated evolution- 
ary changes to elapsed time, so that the greater the sep- 
aration in time, the more likely that the differentiation is 


also greater. We are not postulating a rigid genetic clock; 
though we found it valid in first approximation for long 
periods, it is likely to be less useful for shorter periods. A 
similar assumption is to be made for linguistic evolution, 
but again it 1s not at all necessary that a real “linguistic 
clock” be rigorously valid. The average rates and modes 
of change can be quite different for genes and languages 
(and indeed they are). Of course, it is reasonable to ex- 
pect that later events, like language replacements and/or 
gene substitutions, may blur the picture; but our con- 
clusion was that they do not blur it entirely. Language 
replacements are more likely to be historically known, 
and we have discussed some examples. Gene substitu- 
tions caused by gene flow are more subtle and not so 
easily proved historically, but can be tested genetically 
on modern populations. 

One can also use another, complementary explanation 
for the congruence of genetic and linguistic evolution. 
We know that genes are transmitted from parents to chil- 
dren. We have mentioned earlier (sec. 5.8) that culture 
(including language) is transmitted in a great variety of 
ways, one of which (called vertical) is very similar to 
genetic transmission, being directed from parents to chil- 
dren. Cultural traits thus transmitted tend to be almost 
as conservative as genetic ones. Although there is very 
little or no information on how the teaching of language 
takes place, especially in traditional societies where no 
schools exist and age-peer groups are small because pop- 
ulation groups are small, it is very likely that it is a task 
largely undertaken by parents. For one traditional soci- 
ety, African Pygmies, there is evidence that parents are 
responsible for close to 90% of all cultural transmission 
investigated (which did not, however, include a direct 
study of language; Hewlett and Cavalli-Sforza 1986). It 
seems inevitable that cultural traits transmitted vertically 
will mimic closely the pattern of historical variation of 
genes, and thus will language. In modern society, the 
correlation will inevitably diminish, with the increased 
importance of other mechanisms of cultural transmis- 
sion which, unlike the vertical one, follow very different 
paths and make it easier for traits to spread horizontally 
between unrelated individuals. Limiting the analysis to 
aboriginal people has increased the relative emphasis on 
traditional societies and, therefore, on vertical cultural 
transmission. 

Language is not the only culturally transmitted trait 
that will closely parallel the transmission of genes under 
such conditions. In modern society, parents influence 
their children in unexpected ways, for example, in the 
transmission of religion and political opinions (Cavalli- 
Sforza et al. 1981; see also sec. 5.8). Religions that 
do not proselitize (1.e., are not transmitted horizontally, 
but essentially only vertically), like the Jewish religion, 
are more likely to be transmitted with genes. It is there- 
fore not surprising that Jews have maintained consider- 
able genetic similarity among themselves and with peo- 
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ple from the Middle East, with whom they have com- 
mon origins (Carmelli and Cavalli-Sforza 1979; Cavalli- 
Sforza and Carmelli 1979; Motulsky 1980). 

Regions where we found little or no agreement be- 
tween genes and languages are New Guinea, Australia, 
and South America. They all share a long permanence 
in Paleolithic and Neolithic conditions, but other factors 
may be involved. It is easiest to explain the failure to 
find a precise correlation in New Guinea for Austronesian 
versus non-Austronesian languages. The Austronesian 
penetration was limited to relatively few coastal groups 
and happened sufficiently long ago that gene replacement 
from genetic exchanges with Melanesian neighbors had 
time to blur the picture. We have given indications of 
the length of time necessary for gene replacement to be 
sufficiently advanced that it may be undetectable, and 
the timing of the Austronesian migrations certainly falls 
beyond those limits. Difficulties in South America are 
likely to arise from an extreme genetic differentiation 
that is hard to reconcile even with geographic distance, 
a very rare phenomenon. In other parts of America or 
of Melanesia, the correlation of genetics and linguistics 
reappears. It is likely that the use of linear correlation 
coefficients is not ideal (Cavalli-Sforza et al. 1992). 

The discrepancies we found in the correlation between 
languages and genes in the general tree have been use- 
ful in allowing us to detect reasonable historical or ge- 
netic explanations of the exceptions. Historical knowIl- 
edge is not, however, always sufficient to explain all 
possible discrepancies that may be found in the future. 
Even so, the general correlation we have studied, and 
the regional ones found by several authors in a number 
of regions are well established. We found the correlation 
between the European-Northern Asian-American branch 
of the genetic tree and the Nostratic-Eurasiatic- Amerind 
linguistic superfamily especially illuminating. 

Once the general principle of a correlation between 
genetic tree and linguistic families and superfamilies is 
established, it opens up the possibility of making predic- 
tions on times and perhaps places of origin of linguistic 
families and superfamilies, and finally of completing the 
linguistic evolutionary tree. We have given a few tenta- 
tive examples in this book, but a rigorous application 
of the method demands specific investigations. All this 
proves basically valid a prediction by Charles Darwin, 
even if it does not foresee the complications from genetic 
admixtures and language substitutions. It is well known 
that Darwin was greatly inspired by considerations on 
linguistic evolution and analogies with biological evolu- 
tion, as is clear from many comments in The Descent of 
Man (1871). In chapter 14 of On the Origin of Species 
(1859), he stated specifically: 


If we possessed a perfect pedigree of mankind, a genealog- 
ical arrangement of the races of man would afford the best 
classification of the various languages now spoken through- 
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out the world; and if all extinct languages, and all inter- 
mediate and slowly changing dialects, were to be included, 
such an arrangement would be the only possible one. 


This optimistic statement is largely correct today, 
even if admixtures set restrictions to the validity of trees 
for genes and also for languages, demanding the re- 


finement of the trees we now have or make, with more 
complicated networks showing connections between tree 
branches. It would of course be more rigorous, and in- 
teresting, if linguistic research could independently es- 
tablish its own complete phylogenetic tree or network, 
because then the comparison between the two trees or 
networks would be even more convincing and revealing. 
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TABLE OF ALLELE FREQUENCIES FOR FORTY-TWO 
POPULATIONS ANALYZED IN CHAPTER 2 


The following table contains the frequencies of 128 al- 
leles for 42 world population aggregates. The names of 
the loci, and of the alleles at each locus, are listed on the 
left side of each page. The population aggregate names 
are listed across the top of each page. The allele frequen- 
cies themselves are given as percentages multiplied by 
10, e.g., a relative frequency of 50% is given as 500. 

Numerical approximations: almost all gene frequen- 
cies given here are averages from several samples of in- 
dividuals. When different alleles have been tested in dif- 
ferent samples, frequencies of the alleles at a locus may 
not sum to 1000. This may happen because of several 
different reasons: 

1. Lack of a common set of reagents. The sum of 
the frequencies of alleles ABO*Al and ABO*A2 is 
usually not equal to the frequency of allele ABO*A. 
Only a fraction of the samples have been tested with 
anti-Al. A similar consideration applies to other sub- 
typic alleles (e.g., GC*JF and GC*/S do not sum to 


GC*1). The extreme case is represented by the HLA 
polymorphism. The alleles reported here (shown in Ta- 
ble 1.3.1) are in most cases fewer than those actually 
tested in the original references because it was neces- 
sary to choose a set of alleles shared by all populations 
considered. Moreover, in many HLA samples an unde- 
tected (“blank”’) allele has been described which depends 
on the choice of reagents. 

2. Pooling of different samples for different alleles. 
The typical cases are represented by the triallelic systems 
Duffy (FY) and Kidd (JK). Only a subset of samples is 
tested for the allele O, or for both alleles A and B. In 
order not to lose information we calculated the mean 
of an unequal number of samples for the three different 
alleles. 

3. Alleles of low frequency or rare variants. Alleles 
of low frequency or rare variants were excluded from the 
analysis because they were not tested in many samples. 
Typical examples are P/*Z and the PGD* variants. 
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English Greek Italian Central Eskimo Na- North South Chukchi Mela- Micro-  Poly- New _ Aust- 


Amerind Dene American American nesian nesian nesian Guinean ralian 
ABO 
A 252 256 248 56 287 140 179 10 222 204 228 284 202 220 
Al 196 195 194 57 290 122 181 6 190 173 234 298 207 235 
A2 61 55 60 7 9 3 11 1 if 0 ) 2 0 0 
B 61 99 78 13 86 4 9 4 123 119 121 60 128 22 
O 688 645 674 931 627 855 813 985 655 677 651 657 670 758 
ACP1 
A 336 306 280 218 596 606 241 158 504 213 178 113 226 22 
B 614 647 649 779 402 394 749 838 495 787 822 887 772 979 
C 50 47 71 4 2 0 10 0 0 0 0 0 1 0 
ADA 
1 935 918 918 vit 995 998 990 1000 ve 933 971 a 858 988 
AK1 
1 966 961 965 a 993 1000 988 999 ak 1000 1000 - 999 1000 
2 34 38 35 a 7 0 12 0 jes 0 0 wt 1 0 
ALPP 
$1 648 672 613 es 655 as te sai 745 788 a 696 879 
F4 260 287 310 vis 192 a ae ‘~ 241 61 ap 125 50 
Pl 
M 915 960 959 bes 987 - re 889 ive 998 a 1000 993 963 
F 4 9 2 0 28 2 0 0 rs) 
AG 
X 226 400 280 482 126 1000 951 
LPA 
Lp(a+) 124 164 9 144 43 
CP 
A 36 3 2 0 3 0 0 0 2 
CHE1 
U 987 969 979 989 959 1000 es 996 “a ise wwe is is 998 
CHE2 
+ 50 83 si “in 49 sa 72 25 33 - ans 0 
C3 
S 778 784 813 940 975 
F 218 213 184 60 25 
DI 
A 8 0) 54 14 7 47 141 95 0 0 0 2 0 
ESD 
1 887 842 863 897 703 747 734 889 836 963 975 970 913 
FY 
A 425 457 404 761 761 817 692 695 811 956 883 608 1000 988 
B 571 wis 596 242 47 230 241 61 18 i 4 0 87 
0 0 0 0 0 0 2 0 0 0 0 0 
GPT 
1 528 a 540 st 607 451 430 300 563 574 631 350 788 795 
BF 
S 720 729 987 943 
F 267 236 10 44 
S0.7 13 18 2 11 
FA 0) 9 0 3 
GLO1 
1 420 aie 411 ~ 309 227 ses 265 215 109 45 297 24 25 
GC 
1 730 744 721 837 658 895 800 726 710 733 781 684 576 832 
2 270 255 279 163 328 105 179 254 290 228 218 313 320 117 
1F 165 — 147 449 261 349 189 312 or 365 425 358 220 346 


1S 575 des 603 410 345 586 615 433 - 343 324 309 269 422 
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English Greek Italian Central Eskimo Na- North South Chukchi Mela- Micro- Poly- New _ Aust- 


Amerind Dene American American nesian nesian nesian Guinean ralian 
LE 
Le 758 431 673 526 857 734 707 532 665 379 502 610 394 692 
LU 
A 40 16 25 0 0 0 8 5 me 2 in 0 0 0 
MDH1 
1 999 1000 1000 1000 1000 1000 989 1000 
MNS 
M 552 599 563 704 709 790 739 725 517 260 318 494 90 274 
S 317 396 324 271 170 191 334 331 353 71 42 59 106 0 
Su 0 0 0 0 0 0 0 0 0 0 0 
MS 252 253 226 233 146 175 277 268 191 6 7 24 7 0 
Ms 293 335 333 482 550 630 418 463 329 249 323 470 95 313 
NS 66 143 98 81 25 16 57 63 162 63 38 42 100 0 
Ns 390 269 343 204 280 179 248 206 319 681 632 465 799 687 
P1 
1 515 444 488 426 221 309 542 473 235 356 383 270 268 209 
PEPA 
1 873 1000 1000 991 584 1000 1000 1000 900 
PEPB 
1 sas a is ‘ee 987 st 1000 999 — 1000 1000 a 999 992 
PEPC 
1 1000 1000 1000 1000 
PTC 
T 463 567 544 801 422 842 740 858 583 559 670 637 454 298 
PGM1 
1 757 690 719 834 834 907 901 795 901 761 824 714 910 853 
PGM2 
1 1000 oa weg a 1000 5 1000 984 si 979 1000 995 915 971 
PGD 
A 975 964 975 ee 992 1000 965 990 941 820 967 744 869 950 
C 25 34 25 a 8 0 35 9 59 180 33 256 129 46 
PGK1 
1 1000 1000 1000 919 905 910 994 1000 
2 0 0 0 81 95 90 3 0 
RH 
Du si 75 16 sa: sed 70 sie oe Ss 283 id 162 83 a 
Cw 13 13 7 me 5 1 0 0 44 0 0 0 1 0 
CDE 2 13 5 36 8 36 38 59 119 2 0 6 2 54 
CDe 417 493 461 523 539 354 414 519 503 884 809 606 910 639 
CdE 0 0 1 6 0 0 0 0 0 0 0 0 0 0 
Cde 7 23 22 2 1 15 3 2 0 5 0 7 0 4 
cDE 145 131 116 332 379 465 433 365 226 80 139 335 63 198 
cDe 20 66 31 77 34 56 49 38 153 28 52 44 24 105 
cdE 9 11 7 0 1 12 5 2 0 0 0 2 0 0 
cde 400 263 358 24 38 62 58 16 0 1 0 0 0 0 
FUT2 (SE) 
Se 501 a 540 a 897 ne 857 933 = 533 536 441 688 890 
SOD1 
1 bs sis 999 ss 1000 bee ‘is was as ik ne vie 1000 1000 
TF 
C 992 998 996 979 998 982 960 975 995 955 998 998 911 875 
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TABLE OF ALLELE FREQUENCIES 


The following table contains the frequencies of 128 alleles 
for the full set of 491 world populations, plus 116 popula- 
tion aggregates. The names of the loci, and of the alleles at 
each locus, are listed on the left side of each page. The pop- 
ulations are listed across the top of each page, using four 
identifying lines. The first line lists the continent; the sec- 
ond line lists the major linguistic family, ethnic grouping, 
or geographic region; the third line lists the subfamilies or 
other ethnic groupings; the fourth line contains, for each 
column of data, either an asterisk (‘*’) or a number. An 
asterisk indicates the population aggregate labeled imme- 
diately above. A number corresponds to the number given 
to that population in the Reference List for Allele Frequen- 
cies (Appendix 3) within its continent (e.g., Africa #1 1s 
Algeria, etc.). Because populations were aggregated ac- 
cording to different needs in these two tables, two or more 
table columns in Appendix 2 can refer to the same group in 
Appendix 3, and vice versa, as specified in the footnotes 
below. The allele frequencies themselves are given as per- 
centages multiplied by 10, as in Appendix |. Frequencies 
of alleles at a given locus may not add up to 1000, for 
reasons explained on the first page of Appendix 1. 


FOOTNOTES 


“Appendix 2 groups the six Bantu groups geographically as 
East-Central (CE), West-Central (CW), Northeast (NE), North- 
west (NW), Southeast (SE), and Southwest (SW). The compo- 
sition of these groups is as shown in Table 3.9.3, and the 
groups overlap some of the seventeen Bantu populations in Appen- 
dix 3. 

’The Canarians (North Africa subfamily) are not found in Appen- 
dix 3. 

“Appendix 3 shows only one population group of Burmans, 
whereas Appendix 2 divides these into Baric, Burmic, and Tibetic 
Burmans. 

4 Appendix 3 shows only one population group of Basques, whereas 
Appendix 2 divides these into French and Spanish Basques. 

‘Appendix 3 shows only one population group of Lapps, whereas 
Appendix 2 divides these into Finnish, Norwegian, Swedish, and 
USSR Lapps. 

fThe Sardinians are not found separately in Appendix 3. 

8 Appendix 3 shows only one population group each of Northern 
Territory and Western Australians, whereas Appendix 2 divides each 
of these into Pama-Nyungan and non-Pama-Nyungan. 

“Many groups labeled “Unspecified” in Appendix 2 have no cor- 
responding group in Appendix 3; these have been aliased to the least- 
inclusive group that would contain them. 
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<Bantu > <East African > <Khoisan > 
ae | * CEA CW4 NE@ NWA SEASWAa 24 . 2 25 28 57 59 36 * 35 39 53 54 66 
1F 602 . 844 . 845 841 . 447 ... 463 430 . 481 
1S 283 65 54 99 . 394 ... 358 430 . 446 
HP 
1 549 683 598 458 723 557 575 557 662 335 414 415 495 394 409 392 642 457 582 508 314 639 
HLAA 
1 59 42 21 69 38 117 117 43 55 30 
2 166 157 140 262 114 160 160 157 . 140 175 
3 79 45 46 38 48 151 151 100 60 140 
9 109 126 109 126 135 22 22 147 155 140 
10 63 80 55 93 87 30 30 65 80 50 
11 28 7 2 22 2 30 30 0 0 0 
29 53 68 87 21 . 8&8 38 38 38 65 10 
30 137 162 212 85 176 7 7 175 115 235 
31 50 26 20 16 34 126 126 25 45 5 
32 33 13 6 14 15 22 22 47 65 30 
33 57 36 102 37 4 et i 58 55 60 
28 104 112 86 126 119 178 178 72 85 60 
HLAB 
5 65 49 13 169 7 45 45 68 75 60 
7 101 97 102 117 . 85 77 77 132 . 125 140 
8 46 40 22 15 60 45 45 60 . 35 85 
12 92 121 189 160 67 7 7 83 . 105 60 
13 15 21 9 8 34 36 36 15 20 10 
14 29 33 44 22 34 53 53 30 35 25 
15 26 35 22 61 29 0 0 47 75 20 
16 31 24 19 as 27 bes ee 13 25 0 
17 155 198 164 151 238 143 143 240 175 305 
18 37 30 41 0 38 61 61 47 65 30 
21 51 8 19 0 6 213 213 2 0 5 
27 15 0 0 0 0 7 7 10 20 0 
22 15 9 0 38 0 0 0 18 20 15 
35 52 31 80 15 14 53 53 40 50 30 
37 18 0... 3 0 es Bee bed fi, 
40 51 12 3 45 0 23 23 102 95 110 
41 5 6 6 7 7 
IGHG1G3 
za;g 85 0 32 0 76 65 0 26 50 291 194 113 234 236 162 136 . 1830 1387 .. 
zax;g 16 75 a So © - se: 2 29 19 18 21 18 9 23 . 2B... 9 
za;b 601 621 633 667 748 677 613 545 702 225 393 393 . 688 368 . 450 282 983 
za;bst Ses seit. aay or isi 
fa;b 2 as 2 ) a 2 a fer Fat, ed eh tats bus 
f;b 117 O 1 0 0 15... 0 0 455 211 240 235 157 140 104 i TS2. x 9 
za;bc3 107 126 117 100 140 30 142 128 387 629 407 125 72 . 222 42 
za;bs 151. ..s «388s I'4“_—izT1'—i—=adw17~=36d65 138 «= 4 61 .. 61 465 309 497 
za;sbc35 133 304 154 179 139 150 287 134 163 39 0 105 11 16 34 12 
IGKC,KM 
(1&1,2) 340 352 351 336 335 433 370 310 313 307 307 339 301 356 
KEL 
K 22 11 0 7 19 24 2 98 42 30 5 15 57 39 6 17 4 33 53 3 
Kpa 0 : re 0 a ae ay. ts ie ae Se es 
Jsa 63 89 34 116 93 90 131 43 42 54 37 46 20 31 16 47 14 #79 
JK 
A 661 748 814 784 510 . 883 783 400 623 701 546 626 567 .. 713 
B 217 163 . 216 217 91 217 oan. * aes 249 446 117 
0 0 0 0 0 0 0 O 
LDH 
A 994 999 . 1000 . 996 ... 1000 __... 1000 993 . 993 
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.* 3 * CEA2CW4 NE@ NWA SEASwa 24 *“ 2 25 28 57 59 36 *" 35 39 53 54 66 


LE 

Le 435 .. 358 .. 423... ... 461 323 

LU 

A 42... 53 24 18 71 4 50 . .. 29 51 25 O 27 29... #41 66 15 O 40 
MDH1 

1 999 ...10001000 ..1000 .. ..  ...1000 995 9901000... ... ~~... 1000 1000 

MNS 

M 521 533 544 503 576 523 540 558 575 485 545 647 480 620 504 683 513 593 596 612 576 600 525 
N 479 468 456 497 424 477 460 442 425 515 455 353 520 380 496 317 487 407 404 388 424 400 475 
S 185... 209 182 192 242 132 198 175 ... 201 284 272 237 152 236... 166 139 162 126 330 _.... 
S . 784 760 818 757 728 868 802 786 799 716 728 763 848 764 812 861 838 837 561 

Su 90 63 0 102 46 41 116 Oss 0 0 49 0 46 109 86 
MS 125 137 93 122 164 91 134 109 160 247 202 186 117 199 129 105 113 108 288 

Ms 404 398 387 417 361 449 440 444 393 400 278 401 392 484 456 491 510 418 296 

NS 60 72 89 71 78 41 64 66 41 37 70 51 35 937 36 34 49 18 42 
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REFERENCE LIST FOR ALLELE FREQUENCIES 


The following list of references is organized into five 
sections, one for each continent (Africa, Asia, Europe, 
America, and Oceania). Within each section are listed 
the population groups for that continent (in the Ocea- 
nia section these are further organized into Pacific, New 
Guinea, and Australia). 

Each group’s entry starts with a numbered header 
in boldface, which includes the group’s name and, in 
parentheses, the group’s linguistic family. Groups found 
in more than one continent are noted as such, e.g., “[also 
see Asia],”” as are groups whose continental location 1s 
ambiguous, e.g., “[see Asia].” 

The entry’s header is followed by a list of one or 
more names of populations within the group, separated 
by commas. A series of names not separated by com- 
mas indicates that the data from these populations were 
pooled by the authors of the original articles. 

The last section of each entry is a list of reference codes, 
indicating the bibliographic sources of the gene frequency 
data. These codes employ the following conventions: 


Decimal number reference codes indicate the corresponding ta- 
bles from Mourant, Kope¢, and Domaniewska-Sobczak’s The 
Distribution of the Human Blood Groups and Other Polymor- 
phisms (1976). The Arabic numerals before the decimal point 
indicate the following genetic loci: 


1. ABO at IF 52. PGD 
2. MNS 38. GC 53. PGMI1 
3. Pl 39. AG 54. PGM2 
4. RH 41. LPA 56. AKI 
eee © 8 | 43. CHE! 57. LDH 
6. KEL 44. CHE2 58. MDH1 
7, POLTZ(SE) LE 45. PI 59. PEPA 
8. FY 46. CP 60. PEPB 
9. JK 49. ALPP 61. PEPC 
10. DI 50. ACP] 64. ADA 
36. HP 51. G6PD 69. FTC 


Reference codes of “I” and “II” refer to Tables I and II in the 
Appendix of Mourant, Kope¢, and Domaniewska-Sobczak’s 
The Distribution of the Human Blood Groups and Other Poly- 
morphisms (1976). 

The reference code “SC” refers to Steinberg and Cook’s The 
Distribution of the Human Immunoglobulin Allotypes (1981). 

The reference code “TKT” refers to Tills, Kope¢, and Tills’ 
The Distribution of the Human Blood Groups and Other Poly- 
morphisms, Supplement I (1983). 

Integer number reference codes of one to three digits refer to 
entries in the Bibliography found following these Appendices. 
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AFRICA 

1: Algerian (Afro- Asiatic) 

Algerian, Arab, Azzi, Beni Brahim 
Ouagguine S, Flitta, Tadjakant 

1.1, 2.5, 3.1, 4.1, 4.13, 4.14, 4.17, 6.1, 51.1.1, 
I, 1, SC, TKT 

58, 59 
2: Amhara (Afro-Asiatic) 

Amhara, Amhara Billen Falasha G, Amhara 
Billen Tigre 

1.2, 1.3, 2.7, 2.21, 3.1, 4.22, 4.30.1, 4.32, 5.1, 
6.10, 6.11, 7.3, 8.1, 8.3.2, 9.1, 36.1, 37.1, 50.1.1, 
51.1.1, 51.2.1, 52., 53., 56., 58., 65., 66.1, I, SC 
3: Bantoid (Niger-Kordofanian) 

Bamileke, Bamileke Kaka, Bamoun, 
Banyang, Tikar Chamba 

1.1, 1.2, 2.5, 3.1, 4.1, 4.14, I, SC 

74, 287 
4: Bantu Angola (Niger-Kordofanian) 


Ambundo, Bangala Lunda Minungo, Bangala 


Xinge, Njinga, Quimbundo, Sambo, Umbundo 
51.1.7, I, TKT 
19, 582 
5: Bantu Hutu (Niger-Kordofanian) 
Burundian, Fulero, Ha, Hutu, Hutu Tutsi, 
Rwandan, Twa 
1.1, 2.5, 2.10, 4.10.1, 4.12, 4.17, 6.7.1, 36.1, 
37.1, 51.1.1, 1, 
137, 460, 461 
6: Bantu Kenya (Niger-Kordofanian) 
Akamba, Digo, Embu, Giriama, Gusii, 
Ikoma, Kamba, Kikuyu, Kikuyu Jaluo 
Wakamba, Kikuyu Luo, Mer, Taita, Wakamba 
1.1, 1.2, 2.4, 2.5, 2.7, 3.1, 4.7, 4.22, 6.3, 8.1, 
10.1, 51.1.1, 65., I, 1, TKT 
835 
7; Bantu Lunda (Niger-Kordofanian) 
Ganguela, Lunda, Lunda Bantu, Lunda 
Quioco, Lunda Tchokwe, Mbunda, Quioco 
1.1, 7.1, 36.1, I, TKT 
19, 34 
8: Bantu Maconde (Niger-Kordofanian) 
African, Aiaua, Alolo, Bantu, Maconde, 
Macua, Nguru, Yao 
1.1, 1.2, 2.4, 2.5, 4.13, 4.20.1, 5.3, 6.9, 7.3, 
8.1, 8.3.2, 9.3.1, 36.1, 37.1, 38.1, 45., 46., 
50.1.2, 51.2.2, 52., 53., 54., 56., I, TKT 
941 
9: Bantu Nyaturu (Niger-Kordofanian) 
Nyaturu, Nyaturu Sandawe 
1.2,.2.11.2,:2.21, 3.1, 4.31.1, 5.1, 6,12, 8.3.2, 
9.1, 10.1, 52., 56., 58., 63., SC 
281 
10: Bantu Ovambo (Niger-Kordofanian) 
Ambo, Bailundo, Deiriku, Herero, Huambo, 
Kavango, Ovahimba, Ovambo, Ovimbundo, 
Quipungo 
36.1, 1, SC, TKT 
19, 370, 372, 496, 873 
11: Bantu Shangana (Niger-Kordofanian) 
Bantu Ronga Bitonga Xan, Changana, 
Ronga, Ronga Changana, Shangaan, Shangaan 
Chopi, Shangana Thonga 
1.2, 1, SC, TKT 
60, 345, 403, 509 
12: Bantu Sotho (Niger-Kordofanian) 


Barotse, Basuto, Kgalagadi, Koni, Lozi, 
Mangwe, Pedi, Rotse, Sotho, Tswana 

1.1, 1.2, 1.3, 2.7, 2.21, 3.1, 4.1, 4.7, 4.10.1, 
4.11, 4.14, 4.22, 4.31.1, 5.1, 6.1, 6.11, 8.3.2, 9.1, 
36.1, 37.1, 51.1.1, 65., I, SC, TKT 

34, 42, 60, 345, 372, 403, 509, 873 
13: Bantu South (Niger-Kordofanian) 

Bantu, Bacca, Baka, Bantu Baka Hlubi 
Pondo, Bantu Msutu Zulu, Bantu Ndebele Pedi 
Sech, Hlubi, Makossa Kaffir, Ndebele, Ngoni, 
Nguni, Pondo, Swazi, Xhosa 

1.2, 4.1, 4.22, 36.1, 37.1, 51.1.1, I, SC, TKT 

60, 283, 294, 345, 372, 403, 509 
14: Bantu Southwest (Niger-Kordofanian) 

Cuangare, Diriku, Gciriku, Kwangali, 
Kwangali Mbunza, Kwangari, Mbukushu, 
Mbunza, Sambio, Sambyu 

1.1, SC 

372, 584, 827 
15: Bantu Tutsi (Niger-Kordofanian) 

Tutsi 

1.1, 2.5, 2.10, 4.2, 4.10.1, 4.12, 4.13, 4.17, 
6.7.1, 36.1, 37.1, I, Il 

137, 461 
16: Bantu Uganda (Niger-Kordofanian) 

Ganda, Ganda Bondei Masai, Kiga, Nkole, 
Nyoro, Soga, Toro 

1.2, 2.7, 2.20, 2.21, 3.1, 4.22, 5.1, 6.1, 8.1, 
36.1, 37.1, 38.1, 51.1.1, I, TKT 
17: Bantu Unspecified (Niger-Kordofanian) 

Bantu, Ankonde, Babira, Bagandu, Bagandu 
Other, Baka Fingo Pondo Xhosa, Bakongo, 
Balundu, Basakata Nkundu, Batswa Nkundo, 
Batwa Ntomba, Bechuana, Beti, Bitonga, 
Bondei, Bubi, Bujga, Bushong, Busu, Chawa, 
Chikunda, Chopi, Chopi Ronga Shangawa Th, 


Combe, Congolese, Duala, Eton, Ewondo, Fingo 


Pondo Xhosa, Gishu, Gogo, Hima, Humu, 
Hunde, Kabende, Kaonde, Kisii, Kiss, Lissongo, 
Luba, Luba Batabwa Bazela, Luba Lulua, 
Mabudu, Maka, Mungo, Nhugue, Nkundo 
Mongo, Ntomba Ekonda, Ntomba Yeli, 
Nyamwezi, Nyanga, Nyanja, Pahouin, Pamue, 
Rega, Sambaa, Sena, So, Sosso, Subh Bantu, 
Sukuma, Swaga, Teke, Tonga, Tumbuka, 
Ugandan, Wabira, Wambissa, Wanande, 
Wanyali, Wuzikili, Xhosa Fingo Pondo, Yaka, 
Yengono, Zairian, Zambian, Zaramo, Zigua 

1.1, 1.2, 1.3, 2.4, 2.5, 2.7, 2.10, 2.20, 2.21, 
3.1, 4.1, 4.2, 4.7, 4.10.1, 4.11, 4.12, 4.13, 4.14, 
4.21, 4.22, 4.29, 4.31.1, 5.1, 6.1, 6.7.1, 6.11, 7.1, 
8.1, 8.3.2, 9.1, 36.1, 37.1, 38.1, 46., 50.1.2, 
51.1.1, 51.1.6, 51.1.7, 51.2.2, 52., 53., 54., 56., 
57., 58., 59., 60., 65., I, II, SC, TKT 

34, 60, 61, 74, 86, 137, 196, 460, 461, 484, 
624, 635, 640, 668, 694, 739, 873, 931, 941 
18: Bantu Zaire (Niger-Kordofanian) 

Havu, Shi, Tembo 

1.1, 2.5, 2.10, 4.10.1, 4.12, 4.17, 6.7.1, 36.1, 
S01, 514.1,1 

405 
19: Bantu Zambia (Niger-Kordofanian) 

Tonga, Bemba, Bisa, Ila, Lamba, Lenje 
Bantu, Luano 

1.1, 1.2, 2.5, 2.21, 4.1, 4.7, 4.10.1, 4.18.2, 
6.7.2, 7.1, 10.1, 38.2, 1, SC 

34, 405 


20: Bantu Zimbabwe (Niger-Kordofanian) 
Bunji, Karanga, Korekore, Manyika, Ndau, 
Shona, Venda, Zezuru 
1.2, 2.5, 2.21, 3.1, 4.1, 4.10.1, 4.22, 6.3, 
6.7.1, 8.3.2, 10.1, I, SC, TKT 
60, 345, 509 
21: Bantu Zulu (Niger-Kordofanian) 
Bantu Zulu, Zulu 
2.4, 4.11, 7.6, 36.1, 37.1, I, SC, TKT 
29, 60, 283, 345, 370, 509, 873 
22: Baria (Nilo-Saharan) 
Baria 


23: Bedik (Niger-Kordofanian) 

Bedik, Bedik Banapa Biwols 

1.1, 2.5, 3.1, 4.11, 6.1, SC, TKT 

163 
24: Bedouin (Afro- Asiatic) 

[also see Asia] 

Chaamba, Chorfa, Chorfa Assoul, Chorfa 
Sidi Boukil, Reguibat, Shaigiya 

1.1, 2.5, 3.1, 4.1, 4.13, 6.1, 8.1, 36.1, 37.1, 1 
SC 
25: Beja (Afro- Asiatic) 

Beja 

2.7, 2.21, 3.1, 4.30.1, 5.1, 6.11, 8.3.2, 9.1, 
36.1, 37.1, 38.1, 44., 50.1.1, 51.2.2, 52., 53., 56., 
57., 58., SC 
26: Berber (Afro-Asiatic) 

Ait Haddidu, Ait Haddidu Berber, Ait Izdeg, 
Ait Moghrad, Arab Berber, Berber, Chleuh, 
Kabyle 

1.1, 1.2, 2.5, 2.7, 3.1, 4.1, 4.13, 4.31.1, 5.1, 
6.1, 6.10, 8.1, I, SC 

58, 105, 146 
27: Biaka (Niger-Kordofanian) 

Pygmy, Pygmy Aka, Pygmy Babinga, Pygmy 
Bi-Aka 

1.2, 2.11.2, 2.21,.5.1, 4:21, 5.1.6.1, 7.7.4, 
8.3.2, 9.1, 10.1, 36.1, 37.1, 51.3, I, SC, TKT 

74, 94, 137, 164, 196, 555, 640, 668, 707, 
739, 898 
28: Cushitic (Afro- Asiatic) 

Afar, Afar Donakil, Afar Issa, Billen, Borana, 
Falasha, Galla, Sidamo 

1:2, 2.9, 2:15.22), 3.15419; 4.22,.4,30.1. 5:1, 
6.10, 8.1, 36.1, 65., SC, TKT 

158, 159 
29: Egyptian (Afro-Asiatic) 

[also see Asia] 

Egyptian, Fedikyaee, Gaafra 

1.1, 1.2, 2.5, 2.7, 3.1, 4.1, 411, 7.1, 36.1, 
43.1.1, 51.1.1, 65., 66.1, I, I, SC, TKT 

289, 304, 318, 320, 344, 779 
3: Ewe (Niger-Kordofanian) 

Andagbe Busanga Ewe, Ewe, Fon Adja 

1.2,.2.5, 2.7,.3.1, 4.1, 4.19, 4.22, 6.3, 7.7.1, 
10.1, 36.1, 38.1, I, Il, TKT 

4 
31: Fulani (Niger-Kordofanian) 

Foulah, Foulbe, Fula, Fula "Forros", Fula 
Futa, Fulani, Fulani Hausa Kanuri, Peul Fula 

LA ld, 243 2-245 341, 4.1,4:), 4.22, 431.1, 
6.1, 7.1, 7.2, 36.1, 37.1, 38.1, I, SC 

74, 165 
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32: Funji (Nilo-Saharan) 

Funji 

TKT 
33: Gissi Gola (Niger-Kordofanian) 

Gissi, Gola 

1.2, 24, 2.5, 2.21, 3.1,4.11;,4.22 
34: Gur (Niger-Kordofanian) 

Frafra Kassena Nankani, Kurumba, Mossi, 
Mossi Other, Tiefo, Zara 

1.1, 1.2, 2.4, 2.5, 2.21, 3.1, 4.2, 4.12, 6.1, 8.1, 
10.1, 51.1.1, I, SC 
35: Hadza (Khoisan) 

Hadza, Hadza Munguli, Hadza Yaida 

1.3, 2.7, 2.21, 3.1, 4.7, 4.30.1, 5.1, 6.11, 
8.3.2, 9.1, 41.1.1, 52., 56., 58., TKT 

868 
36: Haratin (Afro-Asiatic) 

Haratin, Haratin Ait Ayache, Haratin Ait 
Khalifa, Haratin Ait Yazza, Haratin M’Rabtin 

1.1, 2.5, 3.1, 4.13, 6.1, I, I, SC, TKT 

158, 163 
37: Hausa (Afro-Asiatic) 

Hausa 

1.1, 4.1, 51.1.1, TKT 

442 
38: Ibo (Niger-Kordofanian) 

Ibo, Ibo Jal Luo Yoruba, Ibo Tiv, Ibo Yoruba 

1.1, 2.5, 2.7, 3.1, 4.1, 4.22, 5.1, 6.1, 9.1, 36.1, 
36.2, 43.1.1, 51.1.1, 58., 63., TKT 

74, 403, 593 
39: Khoi (Khoisan) 

Dama, Damara, Denasena, G//Ana, G/Wi, 
Giana, Griqua, Heiom, Hottentot, Hottentot 
Kede, Hottentot Nama, Hottentot Topnaar, Khoi 
Nama, Khoikhoi, Khoikhoi Nama, Korana, 
Kwadi, Kwengo 

1.1, 1.2, 2.5, 2.7, 2.21, 3.1, 4.7, 4.10.1, 4.13, 
4.19, 5.1, 6.1, 6.7.1, 7.1, 8.1, 10.1, 36.1, 37.1, I, 
SC, TKT 

370, 371, 372, 418, 581, 583, 585, 827, 873 
40: Kru (Niger-Kordofanian) 

Bassa, Bassa Gbandi Gio Gissi, Bassa Other, 
Bete Bakwe, Bete Bakwe Kru, Bete Bakwe Kru 
Wobe Gue, Dei, Grebo, Krahn, Kru, Wobe 
Guere 

1.2, 2.4, 2.5, 2.21, 3.1, 4.11, 4.22, 6.1, 6.3, 
8.1,9.1,1 

945 
41: Kunama (Nilo-Saharan) 

Kunama 

2.21, 6.10, 10.1 

544 
42: Libyan (Afro-Asiatic) 

Ghetaan, Habbun, Libyan, Marabtin, Saadi, 
Saadi Abeidat, Sciur 

1.1, 1.2, 2.5, 2.11.2, 3.1, 4.1, 4.7, 4.13, 4.22, 
6.1, 6.3, 51.1.1, 65., I, SC, TKT 
43: Malagasy (Austric) 

Malagasy 

4.1, 4.11, 36.1, 37.1, I, SC 

123 
44: Mande (Niger-Kordofanian) 

Bambara, Bokabo, Gagu Bokabo, Gagu 
Tuka, Gbah Mende, Gbandi, Kpelle, Kpelle 
Loma, Loma, Malinke, Mandingo, Mandinka, 
Mandinka Jola, Mano, Mende, Mona, N’Da, 
N’Da(Gagu), Soninke, Yacouba, Yaoure 

1.1, 1.2, 2.4, 2.5, 2.21, 3.1, 4.11, 4.22, 6.3, 
9.1, 36.1, 37.1, 51.1.1, I, SC, TKT 

163, 897, 936, 937, 950 
45: Mbuti (Niger-Kordofanian) 

Pygmy Aka, Pygmy Bambuti, Pygmy Efe 
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1.1, 2.4, 2.5, 4.1, 4.10.1, 4.12, 6.7.1, 36.1, 
37.1, 51.1.1, I, SC, TKT 

137, 179, 739 
46: Moroccan (Afro-Asiatic) 

Ahl Er Rif, Bahloula, Beni Guil, Beni 
Hassen, Beni Malek Beni Ahsen, Beni Mathar, 
Beni Mestara, Beni Mguild, Beni Mtir, Beni 
Zeroual, Brane, Chiadma, Dkhissa, Doukkala, 
Exnaga, Guerrouane, Guich, Haha, Hayana, Ida 
Ou Tanan Ida Ou Zik, Imaziren, Marrakchi, 
Mejjat, Menasra, Mesfioua, Metalsa Meghraoua, 
Mezraoua Meziat, Mokhtar, Moroccan, Moulay 
Idriss, Mtioua, Oudaia, Oulad Ncir, Sais Arab, 
Sefiane Beni Malek, Senhaja De Gheddou, 
Shluh, Souassa, Soussi, Zaer, Zaian, Zaian Ait 
Boumzil, Zaian Ait Boumzough, Zaian Ait 
Lahcen Said, Zaian Imzinaten, Zemmour, 
Zrahna 

1.1, 1.2, 2.5, 4.1, 4.13, 4.14, I, II 
47: Nilosaharan (Nilo-Saharan) 

Acholi, Acholi Ankole Kiga Luo, Alur, Bari, 
Dinka, Etesot, Kakwa, Karamojo, Lango, Luo, 
Mabaan, Masai, Nilo Hamitic, Nilotic, Nilotic 
Bantu, Nuer, Samburu, Shilluk, Teso, Turkana, 
Walur 

L112; 24, 2.5, 2:7, 2.20, 2.01.2, 2:21.3,1, 
4.22, 4.30.1, 5.1, 6.3, 7.1, 7.2, 7.7.1, 8.1, 10.1, 
36.1, 37.1, 51.1.1, 53., 57., 65., I, I, SC, TKT 

815 
48: Non-Malagasy (Austric) 

Betsileo, Betsileo Antemoro Tanal, 
Betsimisaraka, Hova, Hovavao, Mahafaly, 
Mahafaly Sakalava, Merina, Sihanaka 

1.1, 4.1, 4.11, 4.19, 51.1.1, I 
49: Nubian (Nilo-Saharan) 

Egyptian, Kounouz, Nubian 

1.1, TKT 

76 
50: Ouoloff (Niger-Kordofanian) 

Ouoloff 

1.1, 2.5, 3.1, 4.13, 6.1, 8.1, 36.1, 37.1, 38.1, I, 
SC 
51: Peul (Niger-Kordofanian) 

Peul Fula, Peul, Toucouleur 

1.1, 2.5, 3.1, 4.13, 6.1, 8.1, 36.1, 37.1, 38.1, 
41.1.2, I, SC 

163, 187 
§2: Pygmoid (Niger-Kordofanian) 

Pygmy, Pygmoid, Pygmoid Amba, Pygmoid 
Tswa, Pygmy Amba, Pygmy Badjelli, Pygmy 
Baka, Pygmy Ekonda Boliassa T, Pygmy 
Ntomba Batswa, Pygmy Ntomba Nkoletswa, 
Pygmy Ntomba Yelitswa, Pygmy Twa, Pygmy 
Twa Lia Iyembe 

1.1, 2.5, 2.7, 2.20, 2.21, 4.1, 4.2, 4.7, 4.13, 
4.14, 4.19, 4.22, I, II 

137, 739, 740 
53: San (Khoisan) 

Kaukau, Kaukau San Naron, Kung, Kwisi, 
San, San Auen, San Dobe, San Du Da, San 
Dukwe Ko, San Hua, San Kaukau, San Kung, 
San Naron, San Naron Other, San Nharo 

1.1, 2.5, 2.7, 2.21, 3.1, 4.7, 4.10.1, 4.12, 4.13, 
4.14, 5.1, 6.1, 6.7.1, 6.7.2, 7.1, 8.1, 10.1, 36.1, 
37.1, 51.1.1, 51.1.6, 65., I, SC, TKT 

371, 372, 580, 581, 873 
54; Sandawe (Khoisan) 

Sandawe 

2.11.2, 2.21, 3.1, 4.31.1, 5.1, 6.12, 8.3.2, 9.1, 
10.1, 52., 56., 63., SC 

281 
55: Sara (Nilo-Saharan) 


Sara, Sara Majingay 

TKT, SC 

158, 163, 338 
56: Serere (Niger-Kordofanian) 

Serere 

1.1, 2.5, 3.1, 4.13, 6.1, 8.1, 36.1, 37.1, I, SC 
57: Somali (Afro- Asiatic) 

Darod, Gadaboursi, Ishaak, Ishaak Aidagalla, 
Ishaak Arab Habr, Ishaak Arab Habr Toljaa, 
Ishaak Arab Toljaala, Ishaak Habr Awal, Ishaak 
Habr Yunis, Issa, Midgaan Tumaal, Rendille, 
Somali 

1.1, 1.2, 2.5, 2.7, 2.21, 3.1, 4.1, 4.19, 4.22, 
5.1, 6.1, 8.1, Il, TKT 

158, 245, 502 
58: Sudanese (Nilo-Saharan) 

Sudanese 

2.7, 4.22, 51.1.1, 65., I 

717, 719, 724 
59: Tigri (Afro-Asiatic) 

Tigre 

1.2, 2.7, 2.21, 3.1, 4.30.1, 5.1, 6.10, 8.1, 36.1, 
65. 

283 
60: Tuareg (Afro-Asiatic) 

Touareg, Touareg Isseqamaren, Touareg Kel 
Air, Touareg Kel Diniqs, Touareg Kel Kummer, 
Touareg M’Rabtin 

1.1, 1.2, 2.5, 2.7, 2.20, 2.21, 4.1, 4.7, 4.13, 
4.22, SC, TKT 

156, 158, 159, 163, 456 
61: Tubo Teda (Nilo-Saharan) 

Tebu, Teda, Toubou Daza, Toubou Daza 
Donza, Toubou Kamadja, Toubou Teda, Toubou 
Teda Daza 

1.1, 4.13, 58., I 
62: Tunisian (Afro-Asiatic) 

Douiret, Malekite, Tunisian, Wahabite 

1.1, 2.5, 2.21, 4.1, 4.7, 4.13, 6.1, 7.3, I 

77, 186, 457, 459 
63: Ubangian (Niger-Kordofanian) 

Bagantou, Mbugu, N’Zakara, Ngbaka, 
Ngbundu, Sango, Yakpa 

1.1, 1.2, 2.5, 2.10, 3.1, 4.10.1, 4.12, 4.19, 6.3, 
6.7.1, 36.1, 37.1, 38.1, 51.1.1, I 

74, 812, 813 
64: Unspecified (All Africa) 

Abaluhya, African, Antandroy Antano, Bantu 
Nilotic, Bashi, Bhaka, Camerounese, Copt, 
Denkyira, Ganda Luo Other, Ja’ Aliyin, Kirdi, 
Lia, Mainty, Msutu, Ol Molo 

1.1, 1.2, 2.4, 2.5, 2.11.2, 3.1, 4.11, 4.12, 4.13, 
4.19, 4.22, 6.1, 6.7.1, 8.3.2, 10.1, 36.1, 37.1, 
51.2.1, 53., 54., 56., 65., I, Il, SC, TKT 

4 


65: Unspecified (Afro-Asiatic) 

Chadian, Ethiopian, Guraghe, Ibadite, Iraqw, 
Kado, Mali, Mauritanian, Mofou, Tecna, 
Yemenite 

1.1, 1.2, 2.5, 2.7, 2.20, 2.21, 4.1, 4.13, 4.19, 
4.22, 65., I, 1, TKT 

74 
66: Unspecified (Khoisan) 

Zimbabwe 

1.1, 2.4, 2.5, 4.22 

941 
67: Unspecified (Niger-Kordofanian) 

Abua, Angolan, Attie, Balanta, Bassari, 
Benin Ibo, Bijago, Bini, Bini Hausa Ibo Yoruba, 
Bini Yoruba, Birom, Bobo Fing, Bozo, 
Coniagui, Diula, Dyoula, Efik, Efik Ekoi Ibibio, 
Felupe, Gambian, Gio, Habe, Idoma Izzi Tiv, 
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Igbirra, Ijaw, Imbo Hutu, Itshekeri Urhobo, 
Kalabari, Kissi, Kissi Malinke, Liberian, Mande 
Fu, Manjaco, Marka, Nalu, Nigerian, Nuba, 
Nupe, Nyambaan, Ogoni, Papei, Senegalese, 
Tiv, Tuka, Urhobo, Vai, Webbo 

1, L224, 1.2, 28, 25, 24;,2.20;2.21, 3.1, 
4.1, 4.2, 4.7, 4.11, 4.12, 4.17, 4.22, 4.27, 5.1, 
6.1, 6.3, 7.1, 7.2, 7.3, 7.6, 8.1, 9.1, 10.1, 36.1, 
37.1, 38.1, 41.1.2, 43.1.1, 46., 49.1.1, 51.1.1, 
51.1.6, 51.1.7, 52., 56., 57., 58., 65., I, II, SC, 
TKT 

28, 40, 49, 53, 126, 246, 403, 447, 475, 498, 
635, 795, 866, 897, 934, 935, 938, 939, 944 
68: Unspecified (Nilo-Saharan) 

Bahema, Choa, Djerma Sonrais, Lugbara, 


Madi, Mbuba, Nandi, Pokot, Wahema, Walendu, 


Walese 
1.1, 2.5, 4.1, I, TKT 
74, 187 
69: Volta-Comoe (Niger-Kordofanian) 
Agni Baoule Lagoon Oth, Akim, Akim Ga, 
Akposso, Akwapim, Ashanti, Brong, Buem, 
Fanti, Ga, Ghanadian, Kwahu, Nzima 


1.1, 1.2, 2.2, 2.4, 2.5, 2.7, 2.20, 2.21, 4.1, 4.7, 
4.12, 4.14, 4.22, 5.1, 6.1, 7.3, 8.1, 51.1.1, 51.1.6, 


I, SC, TKT 
4 

70: Yoruba (Niger-Kordofanian) 
Yoruba 


1.1, 1.2, 2.5, 2.6, 2.7, 2.20, 2.21, 3.1, 4.1, 4.7, 


4.18.1, 4.19, 4.31.1, 5.1, 6.1, 7.1, 10.1, 36.1, 
51.1.1, 51.1.6, 51.2.2, 53., 54., 56., 57., 59., 60., 
65., 1, SC, TKT 

331, 591 


ASIA 

1; Ainu (Altaic) 

Ainu 

1.1, 1.2.1, 1.3, 2.4, 2.7, 2.11.1, 2.21, 3.1, 4.7, 
4.10.1, 4.13, 4.19, 4.31.2, 5.1, 5.3, 6.1, 6.3, 6.4, 
6.7.2, 6.14, 7.1, 7.3, 7.7.1, 8.1, 8.3.1, 9.1, 9.3.1, 
10.1, 36.1, 36.2, 37.1, 38.1, 44., 50.1.1, 52., 56., 
58., 65., 66.2, I, II, SC, TKT 

319, 405, 504, 601, 887 
2: Aleut (Eskimo-Aleut) 

[also see America] 

Aleut 

1.2.1, 2.11.1, 3.1, 4.24.1, 6.1, 7.7.1, 10.1, 
37.1, 65. 

841 
3: Altai (Altaic) 

Chelkanian, Cumandinian, Kizhi Altay, 
Kumandin, Telengit, Tubalar 

1.1 

829, 831 
4: Ami (Austric) 

Ami 

1.1, 2.5, 4.19, 5.1, 7.3, 8.1, 38.1, 51.1.7, 65., 
I, SC 

482 
5: Armenian (Indo-Hittite) 

Armenian 

1.1, 2.5, 3.1, 4.11, 6.1, 8.1, I 

10, 572, 636 
6: Assyrian (Afro-Asiatic) 

Assyrian, Chaldean 

1.2, 2.5, 2.7, 2.21, 3.1, 4.7, 4.19, 4.30.1, 6.1, 
8.1, 1 

10, 16, 636 
7: Atayal (Austric) 

Atayal, Taiyal, Takasago Atayal 

1.1, 2.5, 8.1, 38.1, 65., I, SC, TKT 


482, 504 
8: Bali (Austric) 

Indonesian 

88, 110, 111, 112, 386 
9: Balti (Sino-Tibetan) 

Balti 

1.2, 2.7, 3.1, 4.19, 5.1, 6.1, 8.1, 10.1 
10: Bedouin (Afro-Asiatic) 

[also see Africa] 

Bedouin, Jebeliya, Towara 

1.2.1, 1.3, 2.5, 3.1, 4.10.1, 4.22, 6.10, 8.3.2, 
9.1, 36.1, 50.1.1, 51.2.2, 52., 53., 56., 58., SC 
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11: Bedouin (Bedouin) 

Bedouin, Akeydat Bedouin, Akeydat 
Bedouin Rwalai, Bedouin Benitamim Zowba, 
Maualy Bedouin 

1.2, 2.5, 2.7, 2.21, 3.1, 4.7, 4.13, 4.29, 4.30.1, 
5.1, 6.1, 8.1, I, SC 

158, 718 
12: Berber (Afro-Asiatic) 

[see Africa] 

13: Bhil (Indo-Hittite) 

Ahir, Bhil, Dhanka, Dhodia, Dubla, Gamit, 
Talavia Dubla 

1.1, 1.2, 2.5, 3.1, 4.13, 4.14, 7.1, 8.1, 65., I, 
TKT 

80, 98, 181, 552, 627, 630, 922 
14: Bhutanese (Sino-Tibetan) 

Bhutanese 

1.1, 1.3, 2.5, 2.7, 3.1, 4.7, 4.10.2, 4.19, 
4.20.1, 6.1, 8.3.2, 9.1, 10.1, 36.1, 37.1, 50.1.1, 
52., 53., 56., 58., SC 
15: Bombay (Indo-Hittite) 

Baghadadi, Brahman Audichya, Brahman 
Chandraseniya, Brahman Chitpavan, Brahman 
Desasth, Brahman Desasth Rigvedi, Brahman 
Desasth Yajurve, Brahman Koknasth, Brahman 
Skoknasth, Brahman Vadnagara, Brahman 
Vadnagara Nagar, Chandraseniya Kayastha, 
Chandraseniya Prabhu, Saraswat Chitrapur, 
Saraswat Gaud, Vadnagara Nagar 

1.2, 2.5, 3.1, 4.1, 4.13, 7.1, 8.1, 65., I, I, 
TKT 

552 
16: Bornean (Austric) 

Indonesian, Dusun, Kadazan, Melanau, 
Murut 

2.5, 2.7, 3.1, 4.7, 4.13.1, 7.3, 7.4, 36.1, 
43.1.1, 51.1.1, I, I 

244, 504, 505, 848, 849 
17: Brahman (Indo-Hittite) 

Brahman Audichya, Brahman Desasth, 
Brahman Vadnagara Nagar, Arora, Brahman, 
Brahman Ayengar, Brahman Ayer, Brahman 
Chhetriya, Brahman Chhetriya Newar, Brahman 
Dravida, Brahman Havik, Brahman Madwa, 
Brahman Niyogi, Brahman Paliwal, Brahman 
Tengalai, Brahman Vadahalai, Brahman Vaidic, 
Brahman Vaidiki, Gujjar, Haryanvi, Khatri, 
Saraswat 

1.1, 2.5, 4.1, 7.1, 36.1, 37.1, 50.1.1, 51.1.1, 
52., 56., 57., 65., II, TKT 

82, 554, 558, 561, 564, 613, 624, 630, 677, 
678 
18: Brahman Telugu (Elamo-Dravidian) 

Brahman Telugu 

560 
19: Bunun (Austric) 

Bunun, Takasago Bunun 

I, TKT, SC 
20: Burman (Sino-Tibetan) 


Angami Naga, Galong, Kachari Dimasa, 
Kachari Jharua, Kachari Sonowal, Kachari 
Thengal, Kaiping, Konyak, Ladakhi, Lahauli, 
Lahauli Bodha, Lepcha, Lushai, Nokte Naga, 
Rabha Maitori, Rabha Pati, Rabha Rangdani, 
Rankhal, Tippera, Toto, Wancho, Zeliang Naga 

1.1, 1.2, 2.5, 2.7, 3.1, 4.13, 4.19, 7.1, 65., I, 
TKT 

215, 395, 399, 787, 788 
21: Calcutta (Indo-Hittite) 

Kayastha, Brahman, Brahman Kayastha 
Vaidya, Brahman Rarhi 

1.1, 4.11, 4.19, 7.1, 49.1.2, 65., I, TKT 

275 
22: Caspian (Indo-Hittite) 

Guilanian, Mazandarani, Mazandarani 
Guilanian 

474, 536, 590 
23: Caucasian North (Caucasian) 

[also see Europe} 

Abkhazian, Avar, Chechen, Daghestani, 
Darghian, Ingush, Lakt, Lezgian 

1.1, 2.5, 4.19, I, TKT 
24: Celebes (Austric) 

Indonesian, Buginese, Macassai, Sabang 
Toraja 

2.5, 4.13.1, I 

802 
25: Chenchu (Elamo-Dravidian) 

Chenchu 

2.7, 4.19, 6.1, 7.1, 7.3, 65., II 

666 
26: Chinese North (Sino-Tibetan) 

Chinese 

4.1,1, SC, TKT 

366, 385, 466, 507, 960, 962, 971 
27: Chinese South (Sino-Tibetan) 

Chinese 

1.1, 2.5, 2.11.1, 3.1, 4.1, 4.13, 4.19, 6.1, 8.1, 
10.1, 36.1, 37.1, 38.1, 51.1.1, 65., I, If, SC, TKT 

327, 405, 446, 463, 507, 647, 706 
28: Chinese Unspecified (Sino-Tibetan) 

Chinese 

SC 

142, 384, 386 
29: Chuang (Austric) 

Chuang 

955, 959 
30: Chukchi (Chukchi-Kamchatkan) 

Chukchi 

1.1, 2.5, TKT 

752, 803, 805, 816, 841 
31: Delhi (Indo-Hittite) 

Arora, Brahman, Gujjar, Khatri, Kumaoni, 
Kumaoni Thakkur 

1.1, 1.2, 65., TKT 

181, 273 
32: Dolgan (Altaic) 

Dolgan 


33: Druse (Afro-Asiatic) 
Druse 
1.1, 1.2, 2.5, 2.11.1, 3.1, 4.13, 4.19, 6.1, 8.1, 

43.1.1, 51.1.1, 65., 1, SC 
458, 735 

34: Egyptian (Afro-Asiatic) 
[also see Africa] 
Egyptian 
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35: Even (Altaic) 
Even, Even Tundra 
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1.1, 2.5, 4.1, 36.1, 65. Kumbhar Gujrati, Kumbhar Lad, Kunbi Pattidar, 1.1, 2.5, 7.1, 7.3, 45., 65., I, 1, SC, TKT 
804, 841 Leva Patidar, Lewa Patel, Mahajan, Meena, 11, 273, 405, 473, 554, 619, 657, 722 
36: Filipino (Austric) Meghwal, Memon, Miana, Oswal Mahajan, 64: Kerala (Indo-Hittite) 
Filipino Ramdasia Sikh, Sikh, Urdu, Visa Oswal Jain Saraswat Gaud, Brahman 
4.10.2, 6.6.2, 36.1 1.1, 1.2, 2.5, 2.7, 2.21, 4.1, 4.13, 4.14, 4.19, TKT 
141, 405, 534, 948 4.22, 4.29, 6.1, 7.1, 8.1, 36.1, 37.1, 51.1.1, 65., I, 722 
37: Gondi (Elamo-Dravidian) II, TKT 65: Kerala Christian (Elamo-Dravidian) 
Gond, Maria, Maria Gond, Muria, Pardhan, 81, 181, 214, 253, 273, 353, 384, 385, 386, Indian 
Raj Gond 450, 485, 518, 550, 613, 619, 622, 624, 626, 37.1 
1.1, 4.13, 7.1, I 630, 677, 725, 837 622, 722 
257, 296, 656, 676, 677 51: Iranian (Indo-Hittite) 66: Khasi (Austric) 
38: Gujarat (Indo-Hittite) Iranian, Shi’ Ah, Bachtiiari, Basseri, Khasi 
Brahman Audichya Ghashghai, Mamassani 1.1, 2.5, 3.1, 4.19, 7.1, 65., I, TKT 
1.2.1, 2.7, 4.19, 6.1, 7.1, 8.1, 65. 1.1, 1.2, 2.5, 2.7, 2.11.1, 2.21, 3.1, 4.1, 4.7, 67: Kolami Naiki (Elamo-Dravidian) 
39: Gujarati (Indo-Hittite) 4.11, 4.13, 4.19, 4.20.1, 4.24.1, 6.1, 8.1, 10.1, Kolam, Naika, Naikapod 
Gujarati, Gujarati Maratha 36.1, 37.1, 38.1, 43.1.1, 46., 50.1.1, 51.1.1, 1.2, 2.5, 3.1, 4.13, 7.1, 8.1, 65. 
1.1, 4.1, 36.2, 46., 50.1.1, 52., 53., 54., 56., 51.1.6, 52., 56., I, Il, SC, TKT 86, 296, 656, 667, 676, 677 
57., 58., 59., 60. 86, 88, 231, 232, 273, 283, 321, 404, 537, 68: Koli (Indo-Hittite) 
273 633, 745 Koli 
40: Gurkha (Indo-Hittite) 52: Iraqui (Afro-Asiatic) 1.2, 2.5, 3.1, 4.13, 7.1, 8.1, 65. 
Gurkha, Nepalese Iraqui 367, 623, 631 
1.1, 2.7, 2.20, 2.21, 3.1, 4.7, 4.19, 5.1, 6.1, 1.1, 2.5, 4.1, 4.13, 4.20.1, 65., I 69: Komi (Uralic-Yukaghir) 
8.1, 52., 56., 58., 63., 65., Il 8, 16, 306, 365, 620, 697, 789 [also see Europe] 
132, 738, 836 §3: Irula (Elamo-Dravidian) Komi, Komi Permyaki, Komi Zyrian 
41: Hazara Tadzhik (Indo-Hittite) Irula, Irula Kurumba Toda I 
Dari, Hazara, Tadzhik, Tajik, Timuri 1.1, 2.7, 2.11.1, 2.21, 3.1, 4.7, 4.10.2, 4.19, 225 
1.1, 1.2, 2.5, 2.7, 3.1, 4.1, 4.7, 4.19, 5.1, 6.3, 5.1, 6.7.2, 7.3, 8.1, 10.1, 36.1, 37.1, 38.1, II, SC, 70: Konda (Elamo-Dravidian) 
7.3, 7.7.2, 8.1, 9.2, 10.1, 1, TKT TKT Khond, Konda, Konda Dora, Konda 
5, 65, 191, 285, 288, 344, 628, 665, 844 722 Kammara, Konda Paroja, Konda Reddy 
42: Himachal Pradesh (Indo-Hittite) 54: Izhava (Elamo-Dravidian) 1.1, 1.2, 2.5, 4.13, 7.1, 65., TKT 
Brahman, Brahman Gaddi _Izhava 559, 896, 917, 918, 919, 923 
1.1 I 71; Korean (Altaic) 
367, 629, 630, 631 Taz Korean 
43: Hokkaido (Altaic) 55: Japanese (Altaic) 1.2, 2.5, 2.7, 2.11.1, 3.1, 4.1, 4.13, 4.19, 5.1, 
Japanese Japanese, Matagi 6.1, 6.2, 6.6.2, 7.1, 7.3, 7.4, 8.1, 10.1, 36.2, 37.1, 
1.1, 2.5, 3.1, 4.7, 4.13, 4.19, 6.1, 7.3, 10.1, 1.1, 2.5, 4.1, 4.11, 6.1, 7.1, 7.3, 7.7.4, 36.2, 38.1, 45., 46., 51.1.6, 53., 65., 66.2, I, II, SC, 
36.1, 36.2, 37.1, 37.2, 38.1, 44., 50.1.1, 52., 65., 38.1, 39.8, 49.1.2, 51.1.6, 65., 66.2, I, SC, TKT TKT 
I, SC, TKT 236, 250, 313, 347, 384, 386, 405, 503, 577, 405, 408, 455, 504, 505, 535, 589, 637, 955, 
252, 958 578, 588, 743, 875, 889 959 
44: Honshu Chubu (Altaic) 56: Jat (Indo-Hittite) 72: Koryak (Chukchi-Kamchatkan) 
Japanese Jat Koryak 
1.1, 2.5, 3.1, 4.14, 53., 1, SC, TKT 1.1, I, TKT 36.1, 65. 
251, 252, 324, 325, 357, 358, 359, 360, 361, 82, 181, 396, 402, 626, 630, 632, 777, 954 506, 790, 806, 841 
445, 574, 575, 958 57: Java (Austric) 73: Koya (Elamo-Dravidian) 
45: Honshu Kanto (Altaic) Indonesian, Sasak Koya, Koya Dora 
Japanese 2.5, 4.11, 4.13.1, I, TKT 1.2, 51.1.1, TKT 
1.1, 2.5, 2.11.1, 3.1, 4.1, 4.7, 4.14, 4.19, 5.1, 504, 505, 802 296, 634, 656, 676, 677, 896, 917, 918, 919, 
6.2, 6.3, 8.1, 9.3.1, 10.1, 36.1, 36.2, 38.1, 43.1.2, 58: Jordanian (Afro- Asiatic) 923 
50.1.1, 53., 1, SC, TKT Jordanian, Palestinian 74; Kurd (Indo-Hittite) 
251, 252, 314, 315, 316, 317, 322, 348, 357, 1.1, 1.3, 2.5, 2.7, 3.1, 4.13, 4.19, 5.1, 6.1, 6.3, Kurd 
385, 445, 494, 532, 592, 600, 601, 602, 606, 9.1, 36.1, 37.1, 38.1, 39.1, 43.1.1, 50.1.1, 51.1.1, 1.2, 2.5, 2.11.1, 2.21, 3.1, 4.7, 4.13, 4.22, 
845, 874, 887, 888 52., 53., 56., 58., SC, TKT 4.24.1, 4.28, 5.1, 6.1, 6.11, 8.1, 8.3.2, 10.1, 36.1, 
46: Honshu Kinki (Altaic) 30, 292, 293, 750, 968 37.1, 43.1.1, 50.1.1, 51.2.2, 52., 53., 54., 56., 
Japanese 59: Kadar (Elamo-Dravidian) 57., 58., 63., 65., I, SC, TKT 
1.1, 2.5, 3.1, 36.1, 37.1, 51.1.6, I, SC, TKT Kadar, Kadar Koda 8, 16, 158, 400, 697 
251, 252, 347, 408, 504, 505, 534, 574, 958 1.1, 2.5, 4.13, 7.1, 65., TKT 75: Kurumba (Elamo-Dravidian) 
47: Honshu Southwest (Altaic) 721 Kurumba 
Japanese 60: Kanet (Indo-Hittite) 1.1, 2.5, 2.11.1, 3.1, 4.7, 4.10.2, 4.13, 4.19, 
1.1, 2.5, 4.1, 10.1, 36.1, 37.1, 65., I, TKT Kanet 6.7.2, 7.1, 7.3, 10.1, 36.1, 37.1, 38.1, 65., SC 
236, 251, 252, 562, 563, 574, 576, 743, 744, 1.1 722 
885, 886, 958, 966, 967 367, 623, 631 76: Kuwaiti (Afro-Asiatic) 
48: Honshu Tohoku (Altaic) 61: Karen (Sino-Tibetan) Ajman, Kuwaiti, Suluba 
Japanese Karen, Pa O, Padaung 1.1, 4.1, 4.19, 51.1.1 
1.1, 2.5, 1, SC, TKT 1.1, 1.2.1, 2.7, 4.11, 51.1.6, SC 132, 565, 746 
2, 251, 252, 445, 839, 887 62: Kazakh Kirghiz (Altaic) 77: Kyushu (Altaic) 
49: Ifugao (Austric) Kazakh, Kazakh Alban, Kazakh Kirghiz, Japanese 
Ifugao Kirghiz, Kirghiz Sayak, Kirghiz Shkilyk 1.1, 2.2, 2.5, 3.1, 4.1, 10.1, I, SC, TKT 
604 1.1, 2.5, I 236, 251, 252, 308, 342, 357, 360, 361, 743, 
50: Indic Central (Indo-Hittite) 124, 354, 355, 362, 841 885, 958 
Indian, Lohana, Bania Aggarwal, Bania 63: Kerala (Elamo-Dravidian) 78: Lambada (Indo-Hittite) 
Gupta, Chamar, Gadari Dhangar, Himachali, Indian, Ezhava, Kerala, Mannan, Ulladan, Lambada 


Jain Vaishya, Kharva, Kshatriya, Kumbhar Ahir, Urali, Vethuvan 296, 622, 676, 677, 700, 917, 919, 923 
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79: Laotian (Austric) 
Lao, Laotian 


1.1, 1.2, 2.5, 4.7, 4.13.1, 6.1, 8.1, 36.1, 37.1, I 


80: Lebanese (Afro-Asiatic) 

Shi’ Ah, Lebanese 

1.1, 2.5, 3.1, 4.1, 4.13, 6.1, 8.1, 36.1, 43.1.1, 
51.1.1, 65., 1, SC 

405, 458, 785 
81: Madhya Pradesh (Indo-Hittite) 

Brahman, Brahman Bhil, Brahman 
Chattisghari, Dhakar 

1.1,I 

621 
82: Maharashtra (Indo-Hittite) 

Pawara, Brahman Chitpavan, Brahman 
Desasth Rigvedi, Chandraseniya Kayastha, 
Chandraseniya Prabhu, Brahman, Kande 
Dhangar, Katkari, Kurmar Dhangar, Ladshe 
Dhangar, Nava Budha 

180, 550, 551, 552, 553 
83: Malay (Austric) 

Aborigine, Malay 

1.1, 2.5, 2.7, 2.21, 3.1, 4.10.2, 4.13.1, 4.14, 
6.7.2, 7.1, 10.1, 36.1, 37.1, 38.1, 43.1.1, 49.1.2, 
50.1.1, 51.1.1, 65., I, Il, SC, TKT 

86, 88, 141, 144, 184, 468, 723, 846, 847, 
859, 860, 929, 961 
84: Malayarayan (Elamo-Dravidian) 

Mala, Mala Kuruvan, Mala Pantaram, Mala 
Vedan, Malayali, Malayarayan, Pulayan 

1.1, 1.2, 2.5, 2.7, 4.13, 4.19, 7.1, 65., I, TKT 

564, 624, 683, 722, 917 
85: Marathi (Indo-Hittite) 

Indian, Konkani, Kumbhar Konkani, 
Kumbhar Ligayat, Kumbhar Maratha, Kumbhar 
Paradesh, Kumbhar Rana, Kumbhar Telanga, 
Mahar, Maharashtrian, Maharata, Maratha, 
Maratha Kumbi Teli, Marathi 

1.1, 1.2, 2.5, 2.7, 2.21, 4.1, 4.11, 4.13, 4.19, 
5.1, 6.1, 7.1, 8.1, 36.1, 50.1.1, 51.1.1, 51.1.6, 
52., 53., 54., 56., 57., 58., 59., 60., 65., I, Il 

180, 214, 219, 273, 551, 552, 55 
86: Mari (Uralic-Yukaghir) 

[also see Europe] 

Mari 

1.1 
87: Mongol (Altaic) 

Mongol 

1.1, 4.7 

334, 506, 955, 959 
88: Mon Khmer (Austric) 

Khmer, Khmer Suay, Mon 

1.2, 2.5, 2.7, 4.7, 4.11, 4.13.1, 6.1, 8.1, 36.1, 
37.1, 51.1.1, 51.1.6, 52., 56., I 
89: Munda (Austric) 

Bhumij, Birhor, Dudh Kharia, Ho, Juang, 
Korku, Korwa, Kurmi Mahato, Munda, Pareng 
Gadaba, Santal, Saora 

1.1, 1.2, 2.5, 2.7, 4.13, 4.19, 7.1, 8.1, 65., I, 
Il, TKT 

180, 277, 443 
90: Nayar (Elamo-Dravidian) 

Nayar 

722 
91: Negrito (Austric) 

Negrito, Negrito Aeta, Negrito Mamanwa 

I, TKT, SC 

349, 505, 533, 603, 604, 605 
92: Nentsy (Uralic-Yukaghir) 

Nenet, Nentsy, Nentsy Forest 

1.1, 2.5, 4.1, I, TKT 

611, 832, 841 


93: Nepal Nosherpa (Sino-Tibetan) 
Bhotia, Chetri, Gurung, Gurung Magar, 
Khamba, Kiranti, Kiranti Rai Limbu, Limbu, 

Magar, Newar, Newar Shresta, Thakali, Tibetan 
1.1, 1.2.1, 1.2, 2.7, 2.11.1, 3.3, 4.1, 4.7, 4.19, 
4.24.1, 6.1, 6.3, 7.1, 8.1, 10.1, 65. 
79, 126, 541, 716, 738, 836, 965 
94: Nganasan (Uralic-Y ukaghir) 
Avam, Nganasan, Nganasan (Tavghi), 
Taymyr 
1.1, 2.5, 4.1 
391, 610, 826, 828, 831, 841 
95: Nicobarese (Austric) 
Nicobarese 
1.1, 1.2.1, 2.7, 4.13, 65., I 
682 
96: Oraon (Elamo-Dravidian) 
Oraon 
2.11.1, 3.1, 4.10.2, 4.22, 6.7.2, 7.3, 10.1, 
36.1, 37.1, 1, SC, TKT 
549 
97; Paiwan (Austric) 
Paiwan, Takasago Paiwan 
38.1, 65., I, SC, TKT 
98: Pakistani (Indo-Hittite) 
Pakistani 
2.7, 3.1, 4.13, 9.1, 36.1, 38.1, 41.1.2, 43.1.1, 
45., 46., 51.1.1, 65., II, SC, TKT 
323, 405 
99: Pamir (Indo-Hittite) 
Pamir 
190, 192 
100: Parji Gadaba (Elamo-Dravidian) 
Bado Gadaba, Bareng Paroja, Dhurwa, 
Gadaba, Ollaro Gadaba 
1.1, 1.2, 2.5, 4.13, 7.1, 65. 
101: Parsi (Indo-Hittite) 
Parsi 


1.1, 2.5, 4.1, 4.19, 36.1, 51.1.6, I, 1, SC, TKT 


273, 552 
102: Pathan Pushtu (Indo-Hittite) 

Pathan, Pushtu 

1.1, 1.2, 2.7, 4.1, 4.10.2, 4.19, 6.3, 6.7.2, 
7.7.1, 8.3.1, 9.1, 10.1, 51.1.1, 65., I, SC, TKT 

5, 65, 285, 288, 335, 628, 665, 844 
103: Punjab (Indo-Hittite) 

Arora, Brahman, Khatri, Arora Dhakhandian 
Uttar, Brahman Arora Jat Khatr, Brahman 
Punjabi, Khatri Beri Bunjahi Khu 

1.1, 1.2, 2.11.1, 4.13, 4.19, TKT 

81, 367 
104: Punjabi (Indo-Hittite) 

Punjabi 

1.1, 2.7, 4.10.2, 4.13, 6.1, 6.7.2, 7.1, 7.2, 8.1, 
10.1, 51.1.1, 1, SC, TKT 

184, 405, 406, 624 
105: Rajbanshi Bengali (Indo-Hittite) 

Bengali, Rajbanshi 

1.1, 1.2, 2.5, 2.7, 4.1, 4.13, 7.1, 8.1, 10.1, 
49.1.2, 51.1.1, 57., 59., 60., 65., Il, TKT 

273, 619, 624 
106: Rajput (Indo-Hittite) 

Chaudhuri, Chauduri, Rajput, Rajput Gaddi, 
Rajput Kolta 

1.1, 1.2, 2.5, 2.7, 4.13, 4.19, 7.1, 36.1, 38.1, 
65., 1, SC, TKT 

80, 181, 273, 367, 390, 629, 630, 631, 793, 
922 
107: Reindeer (Chukchi-Kamchatkan) 

Reindeer Chukchi 

827, 830 
108: Ryukyu (Altaic) 


Japanese 

1.1, 2.5, 2.11.1, 3.1, 4.1, 4.7, 4.19, 6.3, 7.3, 
8.1, 9.1, 50.1.1, I, SC, TKT 

357, 361, 504, 505, 600, 958 
109: Samoyen (Uralic-Yukaghir) 

Samoyen 

610, 828 
110: Sarawak (Austric) 

Dayak(Land) 

1.2.1, 2.5, 2.7, 3.1, 4.13.1, 5.1, 6.1, 7.1, 10.1, 
51.1.1, TKT 

256, 846, 849 
111: Saudi (Afro-Asiatic) 

Shi’ Ah, Sunni, Ghamid, Harbi, Mowallad, 
Saudi, Shi’Ah Sunni 

1.2, 2.7, 2.21, 3.1, 4.7, 4.22, 4.29, 4.34, 5.1, 
6.1, 8.1, 51.1.1, 51.1.6 

41, 267, 268, 284, 340, 344, 416, 599, 720 
112: Savara Telugu (Elamo-Dravidian) 

Andhra, Madiga, Satwara, Savara, Telegu 

1.1, 1.2, 2.7, 4.19, 5.1, I 

564, 674, 677, 678, 917, 923 
113: Sea Dayak (Austric) 

Dayak(Sea), Dayak(Sea)Iban, Iban 

2.5, 2.7, 2.21, 4.13.1, 4.19, 9.1, 10.1, 51.1.1, 
TKT 

256, 846, 849 
114: Semai (Austric) 

Semai 

2.2, 2.7, 4.13.1, 5.1, 6.1, 7.1, I, 1, SC, TKT 

930 
115: Sherpa (Sino-Tibetan) 

Sherpa 

1.1, 4.1 

405, 716, 738 
116: Sinhalese (Indo-Hittite) 

Ceylonese, Sinhalese, Veddah 

1.1, 1.2, 2.5, 2.7, 2.11.1, 3.1, 4.1, 4.7, 4.10.2, 
4.13, 4.14, 4.19, 5.1, 6.1, 6.7.2, 7.3, 8.1, 10.1, 
36.1, 37.1, I, SC, TKT 

3, 184, 556, 624 
117: Sumatra Sunda (Austric) 

Indonesian 

P21; 1.2, 2.5, 2.21, 3.1.4.1, 4,7. 4,11, 
4.13.1, 4.19, 6.1, 8.1, 10.1, 36.1, 37.2, 51.1.1, 
53., I, TKT 

1, 86, 88, 273, 384, 385, 533, 846 
118: Svani Georgian (Caucasian) 

{see Europe] 
119: Tagalog (Austric) 

Tagalog 
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120: Tamil (Elamo-Dravidian) 

Tamil, Tamil Macouah, Tamil Macouan, 
Tamil Nadu 

145.12,2,5; 2.1, 2A 221,34, 4.1; 4.7, 
4.10.2, 4.13, 4.19, 5.1, 6.7.2, 7.3, 7.7.2, 36.1, 
37.1, 38.1, 57., 65., 1, SC 

3 
121: Tartar (Altaic) 

[also see Europe] 

Tatar, Teptyar 

1.1,1 

362 
122: Temuan (Austric) 

Temuan 


Thai 
1.1, 1.2, 2.4, 2.5, 2.7, 2.11.1, 2.21, 3.1, 4.7, 
4.10.2, 4.13.1, 4.19, 4.24.1, 5.1, 5.3, 6.1, 6.3, 


Oe  eeeeeeeeeEyEEEeEeEeEeEeEeEeEeEeEeeEeEeeeeEeEeEeEeEeEeEeEeEeEeEeEeeeeEeEeEeEeEeEee—e—e—e——e—eEeEe—eEeeeeeeeeeeEeeeS ee ees 


6.7.2, 6.8, 6.13, 7.1, 7.3, 7.5, 8.1, 8.3.1, 9.2, 
9.3.2, 10.1, 36.1, 36.2, 38.1, 38.2, 39.8, 43.1.1, 
44., 49.1.2, 50.1.2, 51.1.1, 51.1.6, 52., 56., 65., 
66.2, I, I, SC, TKT 

22, 147, 297, 384, 385, 386, 534, 659, 750, 
Fal; dos 
124: Tharu (Indo-Hittite) 

Danguria Tharu, Pachchimaha Tharu, Rana 
Tharu, Rana Tharu Thakur, Tharu 

1.1, 1.2, 2.5, 4.1, 4.13, 7.1, 36.1, 38.1, 65., I, 
SC 

398 
125: Tibetan (Sino-Tibetan) 

Tibetan 

1.1, 2.5, 2.11.1, 4.1, 4.19, 8.1, I, TKT 

369, 405, 624, 641, 642 
126: Toba Batak (Austric) 

Batak, Karo Batak, Mandailing, Simeloen 
Goenbatak, Toba, Toba Batak 

I, TKT 

86, 273, 846, 849 
127: Toda Kota (Elamo-Dravidian) 

Kota, Toda 

1.1, 2.5, 2.7, 2.11.1, 2.21, 3.1, 4.7, 4.19, 4.22, 
5.1, 7.1, 7.3, 8.1, 36.1, 37.1, 65., I, , SC, TKT 

274, 388, 722 
128: Turk (Altaic) 

Turk, Turk Eti 

1.1, 1.2, 2.5, 2.7, 4.1, 4.7, 4.19, 4.22, 5.1, 6.1, 
8.1, 36.1, 43.1.2, 51.1.1, 51.1.6, 65., I, SC, TKT 

11, 12, 200, 405, 713, 825 
129: Turk Abroad (Altaic) 

Turk 

4.1,I 

8, 697 
130: Turkoman (Altaic) 

[also see Europe] 

Turkoman, Turkoman Chardzhou, Turkoman 
Chovdur, Turkoman Emreli, Turkoman Ersar, 
Turkoman Iomud, Turkoman Karadashli, 
Turkoman Teke 

4.13,1 

9, 16, 636, 841, 880 
131: Tuva (Altaic) 

Todzha, Todzha Tuvan, Tof, Tofalar, Tuvan 

1.1, 2.5, 2.7, 2.11.1, 3.1, 4.24.1, 4.24.2, 7.7.2 

216, 364, 754, 841 
132: Unspecified (All Asia) 

Aborigine, Adidravida, Alfoeren, Aloene, 
Arab, Arab Moslem, Balmiki, Bhangi, Bhangi 
Harijan, Bhantu, Bhatu, Bhoksa, Bhotia, Birjia, 
Bohra, Burgher, Burgher Moor Other, Canarese, 
Chetty, Desi Bhumij, Dogpar, Dogra, Dom, 
Duley, Goldsmith, Gorantsy, Hunza, Hurchiar, 
Indian, Indonesian, Irani, Iranian, Islander, 
Jalari, Kadwa Kulmi, Kadwa Patel, Kaibarta, 
Kalita, Kamma, Kanwar, Kaora, Kapol Vania, 
Kapu, Kapuasua Pei Po, Karval, Kayastha, Ket, 
Khairwar, Khandayat, Khant, Khati, Khouy, 
Kinh, Lad Vania, Libyan, Lingayat, Lohana, 
Lohana Cutchi, Lohana Halai, Machhi, Mahato, 
Mahishya, Mahra, Makrani, Mehtar, Metouali, 
Mher, Misgar, Mitwali, Mograbi, Moki, 
Montagnard Ra, Moor, Moplah, Mudiraj, Nadar, 
Naiar, Naicker, Nair, Nair Ezhave, Namasudra, 
Nankok Shan, Nayta, Niakh, Nivkh, Padmaraj, 
Padmaraj Pod, Pahira, Pallar, Panu, Paundra, 
Pawara, Rabari, Rami Mali, Rastogi, Reddiar, 
Ruhida, Saini, Samanta, Sayyad, Sharma, 

Shi’ Ah, Shugnantsy, Sleib, Sunni, Sunni Borah, 
Teli, Tentulia Bagdi, Ul’Chi, Uralian, Vaidya, 
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Vaisha, Vaisya, Velama, Vysya, Vysyas, 
Waghar, Wanni, Wanni Badal Berava Padh, 
Yulin Li 

Ld, 4.2.1,.1.2, 2.5, 2.1, 2.41.1, 2.21,3.1, 3.3, 
4.1, 4.7, 4.11, 4.13.1, 4.13, 4.14, 4.19, 4.22, 5.1, 
6.1, 7.1, 7.3, 8.1, 10.1, 36.1, 37.1, 38.1, 39.8, 
50.1.1, 51.1.1, 51.1.8, 52., 56., 57., 65., 66.1, I, 
II, SC, TKT 

3, 41, 81, 260, 273, 275, 386, 387, 448, 505, 
506, 541, 548, 552, 554, 557, 558, 559, 560, 
561, 564, 573, 613, 675, 677, 678, 680, 683, 
791, 802, 841, 860 
133: Unspecified (Indo-Hittite) 

Indian, Parsi, Afghan, Bagatha, Bagdi, 
Baisya, Balai, Bhatra Bade Manijhela, Chitrali, 
Chowdhury, Cutchi Bhanushali, Dhangar, 
Gaddi, Gilani, Ishkashim, Kalash, Kali, Khoja, 
Kotwalia, Maldivian, Pandit, Pangwala, San 
Bhatra, Sindhi, Vasava 

1.1, 1.2, 2.5, 2.7, 2.11.1, 3.1, 4.1, 4.13, 4.19, 
6.1, 7.1, 8.1, 36.1, 37.1, 38.1, 46., 49.1.2, 50.1.1, 
51.1.1, 51.1.7, 52., 53., 56., 57., 58., 65., I, Il, 
TKT 

78, 80, 86, 88, 125, 132, 180, 191, 275, 397, 
474, 485, 519, 548, 551, 559, 613, 622, 624, 
630, 679, 681, 700, 777, 918, 922 
134: Unspecified (Afro-Asiatic) 

Sunni, Hadhrami Arab, Syrian, Yemenite 

4.30.1, 8.1, 51.1.1, 65., I, I, SC 

458, 785 
135: Unspecified (Caucasian) 

Adzhartsi, Russian 

1.1, 2.5, 4.1, 36.1, 65., I, TKT 
136: Unspecified (Uralic-Yukaghir) 

Enet, Ostyak Sel’Kup, Ostyak Vakh, 
Sel’Kup, Udmurt, Votyak, Yukagir, Yukagir 
Taiga, Yukagir Tundra 

1.1, 2.5, 4.1, I 

841 
137: Unspecified (Altaic) 

Russian, Barga, Bashkir, Buryat, Dahur, 
Evenk, Evenk Yakut Yh, Khaka, Khoton, 
Kishlak, Kumyk, Lamut Orochel, Manchu, 
Nanay, Negidal, Shasavan Azeri, Shor, Tungu, 
Uygur 

1.1, 2.5, 4.1, 7.7.1, 36.1, 37.1, 65., I, TKT 

39, 364, 425, 426, 427, 428, 506, 687, 711, 
841 
138: Unspecified (Chukchi-Kamchatkan) 

Itelmen 

841 
139: Unspecified (Elamo-Dravidian) 

Indian, Naicker, Badaga, Brahman Tamil, 
Dorla, Dravidian, Harijan, Indian Tribe, Jatapu, 
Jenu Kuruba, Kallan, Kanikkar, Karana, Kurava 
Paraban Pulaiya, Malapantaram, Male, 
Muthuvan, Noatia, Nuka Dora, Padmashali, 
Paniyan, Paroja, Reddy, Soliga Tribal, Thevar, 
Valmiki, Wad Balgei, Yanadi Coastal, Yanadi 
Interior, Yerukula 

1ay12.4,.1.2,2:5, 2.7, 2.21, 3.1;4.1,4.13, 
4.19, 4.22, 5.1, 7.1, 8.1, 36.1, 46., 51.1.1, 57., 
65., I, II, SC, TKT 

273, 384, 385, 386, 485, 554, 557, 559, 613, 
674, 677, 678, 679, 683, 684, 817 
140: Unspecified (Sino-Tibetan) 

Burmese, Chin, Chin Kachin Karen, Garo, 
Hakka, Htalu, Intha, Kachin, Lahu, Lissu, Lung 
Chia, Merguian, Min Chia, Mo So, Naga, 
Oriental, Pei Po, Sankha Banik, Taron Htalu 

1.1, 1.2.1, 1.2, 2.5, 2.7, 4.1, 4.11, 5.1, 7.1, 


51.1.6, 66.1, I, SC, TKT 


758 
141: Unspecified (Austric) 

Indonesian, Macassai, Negrito, Aeta Hambal, 
Ahom, Ala, Atjehnese, Bajau, Banhar, Becai, 
Bimanese, Biqueno, Bisaya, Bogobo, Bunaque, 
Cairui, Cambodian, Cham, Chung Chia, Chwan 
Miao, Dadua, Dagada, Dagada Fata Luku, Dies, 
Djarai, Galole, Habo, Hkamti Shan, Idate, 
Igorote, Ilocano Tagalog, Isni, Jakun, Kemak, 
Kha, Kha Phnong, Kirui, Lacalei, Lawa, Li, 
Lolei, Lovaia Epulo, Macalere, Macue Lovaia 
Epulo, Maceo, Makian, Mambai, Man, Marai, 
Medique, Melanesian, Menang Kabau, Miao, 
Miao Mung, Minangkabau, Mnongs Nong, 
Mnongs Rlam, Mois Rhade, Moro Tausog, Na- 
Ine, Na-Naheque, Nai-Damo, Nauete, Negrito 
Kintak Bong, Nung, Osso Moco, Pa Miao, 
Papak, Phnong, Porr, Puyuma, Quemaque, 
Raclum-U, Rai Eco, Rhade, Riang, Rotinese, 
Rukai, Sa-Ani, Saisiat, Sakai, Sedang, Semai 
Senoi, Semang Jahay Lanoh, Semang Kenta 
Kensiu, Semelai, Senoi Jakun, Shan, Soueis, 
Stieng, Temiar, Tetum, Thai Lue, Thai Ya, Thai 
Yong, Tho, Tocodede, Tsou, Uai Moa, Uhu 
Manguli, Ulu, Wemale, Yaeo, Yeo, Yong 

1.1, 1.2, 2.5, 2.7, 2.21, 3.1, 4.1, 4.10.2, 4.11, 
4.13.1, 4.13, 6.7.2, 7.1, 10.1, 38.1, 51.1.1, 
51.1.6, 52., 56., 65., I, I, TKT 

244, 386, 405, 802, 846, 849, 930 
142: Unspecified (Indo-Pacific) 

Andamanese, Galela, Karia Oraan, Onge, 
Sahoe, Ternate, Tobelo 

2.7, 3.1, 4.19, 7.1, 65., I 

802 
143: USSR (Eskimo-Aleut) 

[also see America] 

Eskimo 

1.1; 2.5, TRY 

816, 827, 830, 841 
144: Uttar Pradesh (Indo-Hittite) 

Brahman Vadnagara Nagar, Brahman, Khatri 

1.2, 2.5, 2.7, 4.1, 4.19, 36.1, 38.1, 65., I, SC 
145: Uzbek (Altaic) 

Native, Siberian, Uzbek 

1.1, 2.5, 3.1, 4.1, 7.3 

5, 20, 65, 285, 288, 344, 665, 844, 884 
146: Vania Soni (Indo-Hittite) 

Vania Soni 

273, 890 
147: Viet Muong (Austric) 

Annamite, Muong, Vietnamese 

1.1, 1.2.1, 2.5, 3.1, 4.1, 4.7, 4.13.1, 4.19, 5.1, 
6.1, 6.3, 7.3, 8.1, 36.1, 37.1, 38.1, 39.1, 41.1.2, 
50.1.1, 51.1.1, 51.1.8, 52., 56., 65., 1, SC 

405, 617, 878, 879, 893 
148: Visayan (Austric) 

Visayan 
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149: West Bengal (Indo-Hittite) 

Brahman, Brahman Rarhi, Brahman Kayastha 

1.2, 2.5, 4.13, 7.1, 65., I, TKT 
150: Yakut (Altaic) 

Yakut, Yakut Taiga, Yakut Tundra 

1.1, 2.5, 3.1, 4.19, 6.3, 7.7.2 

754, 841 
151: Yemenite (Afro-Asiatic) 

Yemenite, Zabidi 

1.2, 1.3, 2.7, 2.21, 3.1, 4.7, 4.10.1, 4.22, 
4.24.1, 5.1, 6.3, 6.11, 8.3.2, 9.1, 10.1, 36.1, 37.1, 
50.1.1, 52., 53., 56., 58., I 

159 
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EUROPE 
1: Armenian (Indo- Hittite) 

[see Asia] 

2: Assyrian (Afro-Asiatic) 

{see Asia] 

3: Austrian (Indo-Hittite) 

Austrian 

1.1, 2.5, 2.11.1, 3.1, 4.1, 4.2, 4.13, 6.1, 7.1, 
7.3, 7.5, 8.1, 9.3.1, 36.1, 38.1, 41.1.1, 41.1.2, 
50.1.1, 63., I, II, SC, TKT 

25, 96, 279, 513, 514, 643, 644, 645, 646, 
809 
4: Basque (Basque) 

Basque 

1.1, 2.5, 3.1, 4.1, 4.13, 4.17, 4.19, 4.22, 4.29, 
5.1, 6.1, 7.1, 7.7.4, 8.1, 36.1, 43.1.1, 65., I, II, 
SC, TKT 

159, 183, 185, 193, 195, 405, 465, 587, 899, 
900, 903, 904 
5: Bedouin (Afro-Asiatic) 

[see Africa, Asia] 

6: Bedouin (Bedouin) 

[see Asia] 

7: Belgian (Indo-Hittite) 

Belgian 

1.1, 1.2, 2.5, 2.7, 3.1, 4.1, 4.11, 4.13, 7.1, 
36.1, 38.1, 50.1.1, 1, TKT 

114, 350, 351, 624, 712 
8: Bulgarian (Indo-Hittite) 

Bulgarian 

1.1, 2.5, 3.1, 4.1, 4.7, 7.1, 36.1, 38.1, 39.2, 
41.1.1, I, TKT 

524, 525, 661, 712, 913 
9: Caspian (Indo-Hittite) 

[see Asia] 

10: Caucasian North (Caucasian) 

[also see Asia] 

Abkhazian, Adighe, Avar, Chechen, 
Daghestani, Darghian, Ingush, Kabardin, Lakt, 
Lezgian 

1.1, 2.5, 4.19, I, TKT 

241 
11: Cypriot (Indo-Hittite) 

Cypriot 

1.1, 1.2, 2.5, 2.11.1, 3.1, 4.1, 4.19, 6.1, 6.5, 
8.1, 9.2, 36.1, 50.1.1, 51.1.1, 57., 65., I, I 

403 
12: Czeck Slovak (Indo-Hittite) 

Czeck, Slovak 

1.1, 1.2, 2.5, 2.7, 2.11.1, 3.1, 4.1, 4.7, 4.13, 
4.24.1, 6.1, 6.2, 7.1, 8.1, 36.1, 36.2, 38.1, 43.1.1, 
44., 50.1.1, 65., I, 1, SC, TKT 

234, 352, 363, 414, 434, 435, 462, 492, 586, 
673, 800, 892 
13: Dane (Indo-Hittite) 

Dane 

1.1, 1.2, 2.2, 2.5, 2.7, 3.1, 4.13, 4.19, 4.22, 
5.1, 5.2, 6.1, 6.3, 7.3, 7.4, 7.7.1, 7.7.4, 7.7.5, 8.1, 
36.1, 38.1, 50.1.1, 53., 56., 63., 65., I, II, SC, 
TKT 

26, 202, 203, 204, 222, 310, 311, 405, 542, 
807, 808, 862, 863, 864 
14; Druse (Afro-Asiatic) 

[see Asia] 

15: Dutch (Indo-Hittite) 

Dutch 

1.1, 1.2, 2.5, 2.7, 3.1, 4.1, 4.7, 4.11, 4.13, 
4.15, 4.16, 4.19, 4.24.1, 5.1, 6.1, 6.3, 7.1, 7.3, 
7.7.2, 7.7.5, 8.1, 9.1, 10.1, 36.1, 38.1, 65., I, II, 
SC, TKT 

199, 246, 346, 401, 411, 412, 662, 712, 953 
16: English (Indo-Hittite) 


Briton 

1.1, 1.2, 2.5, 2.7, 2.11.1, 3.1, 4.1, 4.7, 4.10.1, 
4.13, 4.24.1, 5.1, 6.1, 6.3, 6.4, 7.1, 7.2, 7.3, 7.4, 
7.7.1, 8.1, 8.3.1, 9.1, 9.3.1, 36.1, 38.1, 39.8, 
43.1.1, 43.1.2, 44., 49.1.2, 50.1.1, 51.1.6, 52., 
53., 54., 56., 57., 59., 62., 63., 64., 65., 66.1, I, 
II, SC, TKT 

11, 28, 73, 95, 130, 131, 132, 133, 168, 197, 
220, 264, 341, 403, 486, 487, 526, 528, 529, 
619, 624, 625, 632, 698, 709, 712, 820, 833, 
838, 925, 931, 932, 940, 946, 953 
17: Estonian (Uralic-Yukaghir) 

Estonian 

I 

431, 432, 433 
18: Faroese (Indo-Hittite) 

Islander 

1.1, 1.2, 2.5, 3.1, 4.13, 6.1, 36.1 

870 
19: Finn (Uralic-Yukaghir) 

Finn 

1.1, 1.2, 2.5, 2.7, 2.11.1, 3.1, 4.1, 4.13, 4.27, 
5.3, 6.3, 6.4, 7.1, 7.7.5, 8.3.1, 9.3.1, 10.1, 36.1, 
36.2, 37.1, 37.2, 38.1, 39.8, 43.1.1, 44., 45., 53., 
56., 65., 66.1, I, SC, TKT 

26, 45, 48, 49, 201, 223, 225, 246, 356, 380, 
476, 669, 780, 891, 894, 906 
20: French (Indo-Hittite) 

French 

LL, 12, 2.2, 2.5, 2:7, 2.21, 3.1,4.1,4.7, 
4.10.1, 4.10.2, 4.11, 4.13, 4.19, 4.22, 5.1, 6.1, 
6.4, 7.3, 7.7.1, 8.1, 9.1, 36.1, 37.1, 38.1, 43.1.1, 
50.1.1, I, 1, SC, TKT 

24, 143, 157, 159, 161, 162, 167, 182, 185, 
189, 193, 194, 233, 333, 413, 521, 540, 579, 
701, 712, 714, 726, 727, 775, 776, 786, 899, 
900, 903, 904, 963, 964 
21: German (Indo-Hittite) 

German 

Vl, 1.2, 222, 2:5, 24, 24,2111, 31,41, 
4.7, 4.13, 4.19, 4.24.1, 6.1, 6.3, 7.1, 7.7.1, 8.1, 
8.3.1, 8.4, 9.2, 9.3.1, 36.1, 36.2, 37.1, 37.2, 38.1, 
39.1, 39.2, 39.8, 39.11, 41.1.1, 41.1.2, 43.1.1, 
43.1.2, 44., 45., 46., 50.1.1, 52., 53., 56., 63., 
64., 65., I, II, SC, TKT 

6, 13, 18, 26, 66, 71, 72, 83, 93, 108, 113, 
205, 230, 269, 272, 280, 286, 288, 298, 300, 
301, 326, 328, 329, 330, 332, 339, 343, 379, 
415, 417, 421, 422, 430, 436, 437, 438, 439, 
440, 441, 444, 499, 500, 508, 510, 511, 512, 
547, 663, 664, 693, 694, 695, 696, 712, 758, 
765, 766, 767, 798, 799, 820, 824, 910, 912, 
914, 915, 916, 942, 943, 949 
22: Greek (Indo-Hittite) 

Greek 

1.1,:1,2, 2.5, 2.7, 2.8, 2.20, 2.21, 3.1, 4.1, 4.2, 
4.7, 4.10.2, 4.11, 4.13, 4.14, 4.19, 4.22, 4.27, 
5.1, 6.1, 7.3, 7.7.1, 8.1, 10.1, 36.1, 36.2, 37.1, 
38.1, 39.1, 41.1.2, 43.1.1, 43.1.2, 44., 45., 
49.1.1, 50.1.1, 51.1.1, 51.1.5, 52., 63., I, II, SC, 
TKT 

106, 270, 383, 389, 424, 614, 616, 686, 764, 
818, 820 
23: Hungarian (Uralic-Yukaghir) 

Hungarian 

1.1, 1.2, 2.5, 2.7, 3.1, 4.1, 4.7, 4.13, 4.19, 6.1, 
6.3, 7.1, 8.1, 36.1, 37.2, 38.1, 41.1.1, 41.1.2, 
43.1.1, 45., 51.1.6, 65., 1, SC, TKT 

302, 336, 337, 378, 517, 690, 691, 712, 799, 
920 
24: Icelander (Indo-Hittite) 

Icelander 


1.1, 1.2, 1.3, 2.5, 2.7, 3.1, 4.13, 4.19, 4.27, 
5.1, 6.1, 7.1, 7.7.4, 8.1, 8.3.2, 9.1, 36.1, 37.1, 
38.1, 39.2, 41.1.1, 41.1.2, 43.1.2, 44., 45., 46., 
49.1.1, 52., 53., 56., 57., 58., I, II, SC, TKT 

70, 225, 392, 393, 394, 405, 869, 921 
25: Iranian (Indo-Hittite) 

[see Asia] 

26: Iraqui (Afro-Asiatic) 

[see Asia] 

27: Irish (Indo-Hittite) 

Irish 

Lt, 12,25, 2.7, 2411, 3.1,4.1, 4.15, 4.14, 
4.17, 4.22, 5.1, 6.1, 6.3, 7.1, 7.7.1, 8.1, 8.3.1, 
36.1, 36.2, 37.1, 38.1, 39.2, 41.1.1, 50.1.1, 52., 
53., 56., 58., 63., 65., I, SC, TKT 

469, 685, 712, 820, 865, 867 
28: Italian (Indo-Hittite) 

Italian, Italian Ladini, Italian Mocheni, Swiss 

1.1, 1.2, 2.5, 2.7, 2.11.1, 2.21, 3.1, 4.1, 4.2, 
4.7, 4.10.1, 4.10.2, 4.11, 4.13, 4.15, 4.19, 4.22, 
4.24.1, 4.27, 5.1, 6.1, 6.3, 6.7.2, 6.13, 7.1, 7.2, 
7.3, 7.5, 7.7.1, 8.1, 9.1, 10.1, 36.1, 36.2, 37.1, 
38.1, 39.2, 39.3, 39.4, 39.5, 39.6, 39.8, 39.10, 
43.1.1, 49.1.1, 50.1.1, 51.1.1, 51.1.4, 51.1.5, 
51.1.7, 53., 54., 56., 63., 65., I, II, SC, TKT 

32, 33, 35, 36, 62, 67, 135, 149, 169, 170, 
176, 188, 227, 228, 229, 235, 242, 243, 278, 
405, 410, 412, 451, 467, 478, 479, 480, 493, 
495, 501, 515, 615, 618, 624, 638, 639, 650, 
651, 654, 655, 670, 671, 672, 673, 710, 712, 
736, 741, 742, 747, 758, 759, 772, 773, 778, 
797, 814, 908, 924, 955, 969, 970 
29: Jordanian (Afro-Asiatic) 

[see Asia] 

30: Kazakh Kirghiz (Altaic) 

[see Asia] 

31: Komi (Uralic-Yukaghir) 

[also see Asia] 

Komi, Komi Permyaki 

L125, 31,41, 7.7.1; 1 

31, 225, 841 
32: Kurd (Indo-Hittite) 

[see Asia] 

33: Kuwaiti (Afro-Asiatic) 

[see Asia] 

34: Lapp (Uralic-Yukaghir) 

Lapp, Lapp Skolt 

1.1.1.2, 2.5, 2.7,.2.11.2, 3.1, 4.1, 4.13, 4.25, 
4.29, 5.1, 6.1, 7.1, 7.7.1, 7.7.5, 8.1, 10.1, 36.1, 
36.2, 37.1, 38.1, 43.1.1, 44., 45., 50.1.1, 52., 53., 
56., 58., 65., 66.1, I, II, SC, TKT 

26, 45, 48, 69, 116, 224, 225, 253, 405, 596, 
598, 821, 858, 861, 905 
35; Lebanese (Afro-Asiatic) 

[see Asia] 

36: Maltese (Afro-Asiatic) 

Maltese 

1.2, 2.7, 2.21, 3.1, 4.7, 4.10.1, 4.19, 5.1, 6.1, 
8.1, 51.1.1, 51.1.7, I, II 
37: Mari (Uralic-Yukaghir) 

[also see Asia] 

Cheremiss, Mari 

53., 56., SC, TKT 

26 
38: Norwegian (Indo-Hittite) 

Norwegian 

1.1, 1.2, 2.3, 2.5, 2.7, 2.11.1, 3.1, 4.1, 4.13, 
4.14, 4.19, 4.22, 4.24.1, 5.1, 6.1, 7.2, 7.3, 7.7.1, 
7.7.2, 8.1, 9.1, 36.1, 37.2, 38.1, 39.1, 39.2, 
41.1.1, 45., 50.1.1, 53., 56., 65., I, 1, SC, TKT 
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68, 97, 104, 253, 542, 594, 595, 596, 597, 
598, 712, 820, 856, 857 
39: Pole (Indo-Hittite) 

Pole 

1.1, 1.2, 2.1, 2.5, 2.11.1, 3.1, 4.1, 4.7, 4.11, 
4.13, 4.24.1, 4.25, 5.1, 6.1, 6.3, 7.1, 7.3, 7.7.1, 
8.1, 9.1, 36.1, 37.1, 38.1, 39.1, 44., 50.1.1, 
51.1.6, 65., I, SC, TKT 

206, 207, 208, 305, 420, 607, 608, 612, 712, 
760, 761, 762, 763, 820, 881, 882, 883, 927, 951 
40: Portuguese (Indo-Hittite) 

Portuguese 

1.1, 1.2, 2.5, 2.11.1, 3.1, 4.1, 4.13, 4.19, 6.3, 
8.1, 36.1, 38.1, 43.1.1, 65., I, 1, SC, TKT 

17, 136, 263, 497, 928 
41: Romanian (Indo- Hittite) 

Romanian 

1.1, 1.2, 2.2, 2.5, 2.7, 3.1, 4.1, 4.19, 6.1, 7.1, 
7.7.4, 36.1, 65., I, HI, TKT 

375, 403, 774 
42: Russian (Indo-Hittite) 

Belorussian, Russian 

1.1, 1.2, 2.5, 2.7, 4.1, 4.7, 4.11, 4.19, 4.24.1, 
6.3, 7.3, 7.7.4, 8.1, 9.1, 10.1, 38.1, 65., I, II, 
TKT 

14, 15, 121, 122, 209, 217, 283, 429, 464, 
566, 609, 688, 689, 704, 792, 810, 811, 820, 
871, 876, 877, 895, 907 
43: Scot (Indo-Hittite) 

Briton 

LA, 2.5, 2.7, 4:1,4.1,4.22.5.1,6.1,63;-7.1, 
7.7.1, 8.1, 36.1, 51.1.1, 58., 65., I, SC, TKT 

75, 95, 132, 134, 151, 152, 168, 198, 299, 
469, 526, 527, 529, 530, 531, 933 
44; Spaniard (Indo-Hittite) 

Spaniard 

1.1, 1.2, 2.5, 2.7, 3.1, 4.1, 4.11, 4.13, 4.22, 
6.1, 7.1, 7.7.1, 8.1, 36.1, 41.1.2, 51.1.1, 51.1.6, 
51.1.7, 65., I, I, TKT 

6, 23, 26, 127, 128, 129, 153, 154, 155, 166, 
195, 258, 283, 286, 412, 472, 477, 539, 702, 748 
45: Svani Georgian (Caucasian) 

Georgian, Gurian, Gurian Mingrelian, 
Imeretian, Kakhetian, Kartalin, Khevsur, Svani 

1.1, 1.2, 2.6, 2.7, 3.1, 4.7, 4.19, 5.3, 6.3, 7.3, 
8.1, 9.1, 65., I, TKT 

Zi2 
46: Swede (Indo-Hittite) 

Swede 

1.1, 1.2, 2.5, 2.7, 3.1, 4.1, 4.11, 4.13, 4.19, 
4.25, 6.1, 7.1, 7.2, 7.3, 8.1, 9.1, 36.1, 37.2, 38.1, 
39.2, 39.8, 49.1.1, 56., 57., 65., 66.1, I, II, SC, 
TKT 

7, 26, 43, 44, 45, 46, 47, 48, 49, 50, 51, 53, 
54, 55, 56, 57, 115, 117, 118, 119, 138, 139, 
226, 712, 715, 801, 821, 822, 840 
47: Swiss (Indo-Hittite) 

Swiss, Walser 

1.1, 1.2, 2.5, 2.7, 2.21, 3.1, 4.1, 4.7, 4.13, 
4.19, 4.24.1, 4.25, 5.1, 6.1, 7.3, 7.7.4, 8.1, 36.1, 
38.1, 39.4, 39.7, 39.8, 50.1.1, 65., I, II, SC, TKT 

21, 126, 249, 329, 368, 652, 653, 694, 712, 
756, 757 
48: Tartar (Altaic) 

[see Asia] 
49: Turk (Altaic) 

[see Asia] 
50: Turk Abroad (Altaic) 

[see Asia] 
51: Turkoman (Altaic) 

{also see Asia] 

Turkoman, Turkoman Chaudyr 
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16 
52: Unspecified (Indo-Hittite) 

Briton, Swede, Albanian, Finn Swede, Gilani, 
Osete, Osetini, Romansh 

1.1, 1.2, 2.5, 2.7, 2.11.1, 4.1, 4.13, 4.22, 4.27, 
5.1, 6.3, 7.1, 7.7.1, 8.1, 8.3.1, 36.1, 39.2, 41.1.1, 
50.1.1, 52., 53., 56., 63., I, TKT 

52, 225, 380, 474 
53: Unspecified (Caucasian) 

Russian, Adzhartsi, Mingrelian 

1.1, 2.5, 4.1, 36.1, 65., 1, TKT 

218 
54: Unspecified (Uralic-Yukaghir) 

Karelian 

I 
55: Unspecified (Altaic) 

Russian, Kalmyk, Kumyk, Shasavan Azeri 

1.1, 2.5, 4.1, 7.7.1, 36.1, I 

425, 426, 427, 428 
56: Welsh (Indo-Hittite) 

Briton 

1.1, 2.5, 2.7, 3.1, 4.1, 4.14, 5.1, 6.1, 6.3, 7.1, 
7.3, 7.7.1, 8.1, 58., 65., I, II 

95, 712, 833, 834 
57: Yugoslav (Indo-Hittite) 

Yugoslav 

1.1, 1.2, 2.5, 3.1, 4.1, 4.11, 4.12, 4.19, 7.1, 
36.1, 38.1, 43.1.1, 51.1.7, 65., I, SC, TKT 

381, 382, 419, 491, 699, 712, 820 


AMERICA 

1: Alacalufe (Andean) 

Alacalufe, Alacalufe Atacameno Map, 
Alacalufe Yagane 

1.1.1, 1.2.1, 2.7, 2.11.1, 3.1, 4.19.1, 6.3, 
7.7.1, 8.1, 9.1, 10.1, 36.1, 37.1 
2: Alaska (Eskimo-Aleut) 

[also see Asia] 

Eskimo, Eskimo Koniag 

1.2.1, 1.2, 2.5, 2.11.1, 2.21, 3.1, 4.1, 4.7, 
4.10.2, 4.11, 4.19, 4.25, 5.1, 5.2, 5.3, 6.3, 6.4, 
6.7.2, 6.13, 7.3, 7.4, 8.1, 8.3.1, 9.3.1, 10.1, 36.1, 
38.1, 39.1, 43.1.1, 43.1.2, 43.2, 44., 50.1.1, 53., 
65., 1, TKT 

174, 213, 216, 240, 504, 505, 520, 752, 769, 
771, 841 
3: Aleut (Eskimo-Aleut) 

[also see Asia] 

Eskimo, Aleut 

2.5, 4.13.1, 36.1, 38.1, 50.1.1, 53., I, TKT 

755, 770 
4: Apache (Na-Dene) 

Apache, Apache Cibecue 

1.1.1, 1.2.1, 1.2, 2.5, 3.1, 4.7, 4.13.1, 4.19.1, 
4.19, 6.1, 7.7.1, 8.1, 10.1, 36.1 

109, 216, 377, 753, 755 
5: Araucano Mapuche (Andean) 

Araucano Mapuche 

303 
6: Arawakan (Equatorial) 

Arawak, Goajiro, Guajiro Arawaco 

1.1, 1.2.1, 2.5, 2.11.1, 3.1, 4.1, 4.30.1, 5.1, 
6.11, 7.3, 8.1, 9.1, 10.1, I, TKT 

265, 753 
7: Atacameno (Chibchan-Paezan) 

Atacameno, Atacameno Mapuche 

1.1, 1.2.1, 2.7, 2.11.1, 3.1, 4.1, 4.19.1, 6.3, 
7.3, 8.1, 9.1, 10.1, 36.1, 37.1, 51.1.1 

290, 291, 692, 875 
8: Athabascan (Na-Dene) 

Athabascan 

1.2.1, 1.2, 2.7, 3.1, 4.7, 4.13, 4.19, 4.22, 6.1, 


6.4, 7.7.1, 8.1, 9.1, 10.1, 36.1, 38.1, 39.1, 50.1.1, 
53., SC 

213, 505, 520, 768, 770 
9: Aymara (Andean) 

Aymara 

1.1.2, 1.1, 1.2, 2.4, 2.5, 2.11.1, 3.1, 3.3, 
4.10.2, 4.11, 4.13, 4.19.1, 5.1, 6.1, 6.3, 6.11, 7.3, 
7.7.1, 7.7.3, 8.1, 9.1, 10.1, 36.1, 37.1, 38.1, 
51.1.1, 51.1.6, SC 

140, 210, 237, 238, 239, 405, 901 
10: Baniwa (Equatorial) 

Baniwa 

271, 523, 538, 569 
11: Bari (Chibchan-Paezan) 

Bari, Motilon 

1.1.2, 2.11.1, 4.19.1, 8.1, 9.1, 10.1, 37.1, 
43.1.1, 44. 

374, 660 
12: Blackfoot (Almosan) 

Blackfoot, Blackfoot Blood, Blackfoot Blood 
Pieg, Blood 

2.1, 2.5, 2.7, 4.19.1, 4.19, 5.1, 6.1, 7.1, 7.3, 
8.1, 9.1, 10.1, 65., I, II 

216, 703 
13: Caddoan (Keresiouan) 

Caddo, Pawnee, Wichita 

1.1, 2.7, 3.1, 4.19.1, 6.1, 7.3, 8.1 
14: Caingang (Macro-Ge) 

Caingang, Caingang Aweikoma 

1.1, 1.2, 2.5, 2.7, 3.1, 4.7, 4.13.1, 4.19.1, 
4.19, 6.1, 7.1, 7.2, 8.1, 10.1, 36.1, 37.1, 38.1, 
65., SC 

160, 178, 522, 523, 730 
15: Campa Piro (Equatorial) 

Campa, Piro 

1.1.2, 2.11.1, 3.1, 4.7, 4.19.1, 5.1, 7.7.3, 8.1, 
9.1, 10.1, 36.1, 37.1 
16: Canada Central (Eskimo-Aleut) 

[also see Asia] 

Eskimo 

2.4, 2.7, 3.3, 4.13.1, 4.19.1, 5.1, 6.1, 7.3, 
66.1, II, TKT 

211, 212, 520, 841 
17: Canada Eastarctic (Eskimo-Aleut) 

[also see Asia] 

Eskimo 

2.5, 10.1, 36.2, 37.1, I, SC, TKT 

172, 405 
18: Canada Northwest Territory (Eskimo- 
Aleut) 

[also see Asia] 

Eskimo, Eskimo Aivilik, Eskimo Aivilik 
Okomiut, Eskimo Copper, Eskimo Okomiut 

1.2.1, 1.2, 2.11.1, 2.21, 3.1, 4.7, 4.10.2, 
4.19.1, 5.1, 5.3, 6.13, 7.1, 7.3, 7.7.2, 8.1, 8.3.1, 
9.1, 10.1, 38.1 

405, 753, 755 
19: Carib (Macro-Carib) 

Carib 

2.5, 2.21, 4.7, 4.19.1, 6.1, I 

265, 753 
20: Cashinahua (Macro-Panoan) 

Cashinahua 

1.1.2, 2.11.1, 3.1, 4.19.1, 5.1, 6.13, 7.7.3, 
8.3.1, 9.3.1, 10.1, 36.1, 37.1, 38.1, 39.4, 39.8, 
39.9 

523 
21: Cayapa (Chibchan-Paezan) 

Cayapo 

1.1, 2.11.1, 3.1, 4.19.1, 5.1, 8.1, 9.1, 10.1, 
36.1, 37.1 


478 APPENDIX 3 


22: Cayapo (Macro-Ge) 

Cayapo 

SC, TKT 

84, 178, 523, 569, 731, 794, 850 
23: Chane (Equatorial) 

Chane 

1.2.1, 2.11.1, 3.1, 4.19, 7.7.1, 8.1, 9.1, 10.1, 
36.1, 37.1 
24: Cherokee (Keresiouan) 

Cherokee 

1.1, 1.2, 2.4, 2.11.1, 2.20, 2.21, 3.3, 4.7, 
4.10.2, 4.19.1, 5.1, 6.3, 6.4, 6.5, 6.7.2, 8.1, 9.3.1, 
10.1, I 

283 
25: Chibchan Western (Chibchan-Paezan) 

Boruca, Bribri, Cabecar, San Blas Cuna, 
Terraba 

1.1.2, 1.2.1, 2.11.1, 3.1, 4.1, 4.19.1, 4.19, 5.3, 
7.7.1, 7.7.3, 8.1, 9.1, 10.1, 36.1, 37.1 
26: Chipaya (Equatorial) 

Chipaya 

1.1.2, 3.1, 4.19.1, 6.1, 7.3, 8.1, 9.1, 10.1, 
36.1, 38.1, 43.1.1, 50.1.1, 51.2.2, 52., 53., SC, 
TKT 

901 
27: Chippewa (Na-Dene) 

Chippewa 

2.11.1, 3.1, 4.13, 6.3, 8.1, 10.1, 38.2, I 

753 
28: Choco (Chibchan-Paezan) 

Choco 

1.1.2, 2.11.1, 3.1, 4.19.1, 5.3, 7.7.3, 8.1, 9.1, 
10.1, 36.1, 37.1 
29: Chorotega (Central Amerind) 

Chorotega, Chorotega Miskito Rama 

1.2, 2.11.1, 3.1, 4.10.2, 4.19.1, 5.1, 6.3, 7.7.1, 
8.1, 9.3.1, 10.1, 36.1, 37.1 
30: Choroti (Macro-Panoan) 

Choroti 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.7.3, 8.1, 9.1, 10.1, 
36.1, 37.1, SC, TKT 

901 
31: Chulupi (Macro-Panoan) 

Chulupi 

1.1.2, 1.1, 2.11.1, 3.1, 4.19.1, 6.3, 7.7.1, 
7.7.3, 8.1, 9.1, 10.1, 36.1, 37.1, I, SC, TKT 

120 
32: Colorado (Chibchan-Paezan) 

Colorado 

1.1.2, 2.11.1, 3.1, 4.19.1, 6.3, 6.5, 7.7.3, 9.1, 
10.1, 36.1, 37.1 
33: Cree Naskapi Montagna (Almosan) 

Cree, Montagnais, Naskapi, Naskapi 
Montagnais 

1.1, 1.2.1, 2.4, 2.7, 2.11.1, 3.1, 4.1, 4.7, 
4.19.1, 4.19, 5.1, 6.1, 6.6.2, 7.3, 7.7.1, 8.1, 9.3.1, 
10.1, 39.1, 41.1.1, 44., 65., I, 0, TKT 

211, 212, 276, 481, 520, 755, 841 
34: Cuiva (Equatorial) 

Cuiva 

2.11.1, 3.1, 4.19.1, 8.1, 10.1 

853 
35: Diegueno (Hokan) 

Diegueno 

2.7, 3.1, 4.13.1, 5.1, 6.1, 8.1 
36: Dogrib (Na-Dene) 

Dogrib 

841, 842, 843 
37: Emerillon (Equatorial) 

Emerillon 

1.1.2, 2.5, 4.13.1, 6.1, 8.1, 10.1, 36.1, 37.1, 
SC 


852, 854 
38: Galibi (Macro-Carib) 

Galibi 

1.1.1, 2.5, 3.1, 4.13.1, 6.1, 8.1, 10.1, 36.1, 
37.1, SC 
39: Greenland (Eskimo-Aleut) 

[also see Asia] 

Eskimo 

1.1, 1.2.1, 1.2, 2.5, 2.7, 3.1, 4.13.1, 4.13, 6.1, 
7.3, 9.1, 31.3, 36.1, 37.1, 38.1, 39.2, 43.1.1, 53., 
56., I, I, SC, TKT 

26, 224, 225, 405, 649, 823 
40: Guayaki (Equatorial) 

Guayaki 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.7.3, 8.1, 9.1, 10.1, 
36.1, SC, TKT 

120 
41: Guaymi (Chibchan-Paezan) 

Guaymi, Guaymi Cricamola 

1.1.2, 2.11.1, 3.1, 4.19.1, 5.3, 7.7.3, 8.1, 9.1, 
10.1, 36.1, 37.1 

37, 271, 569, 851 
42: Haida (Na-Dene) 

Haida 

1.2, 2.7, 2.11.1, 3.1, 4.7, 4.19, 4.22, 6.3, 6.4, 
7.3, 8.1, 10.1, 36.1, 38.1 
43: Ica (Chibchan-Paezan) 

Ica 

121, 2111, 3.3, 4.20.2, 7.3, 8.1, 9.1,:10.1, 
36.1, 37.1 
44; Ingano (Andean) 

Ingano 


45: Inupik (Eskimo-Aleut) 

[also see Asia] 

Eskimo Inupik 

1.2.1, 1.2, 2.7, 3.1, 4.7, 4.19.1, 6.14, 7.7.1, 
8.1, 9.1, 10.1, SC 

312, 770 
46: Jivaroan (Equatorial) 

Aguaruna, Cofan, Jivaro, Shuara, Yaruro 

1.1.2, 2.11.1, 3.1, 4.1, 4.19.1, 5.1, 6.7.2, 7.3, 
7.7.3, 8.1, 9.1, 9.3.1, 10.1, 36.1, 37.1, 65., TKT 

282, 344, 407 
47: Kraho (Macro-Ge) 

Kraho 

160, 271, 569, 729, 731 
48: Lengua (Macro-Panoan) 

Lengua, Yam Lengua 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.7.3, 8.1, 9.1, 10.1, 
36.1, SC, TKT 
49: Macushi (Macro-Carib) 

Macushi 

1.1.2, 1.2.1, 2.11.1, 3.1, 4.19.1, 7.3, 7.7.1, 
8.1, 9.1, 10.1, 36.1, 37.1, TKT 

569, 570, 571, 850, 926 
50: Makiritare (Macro-Carib) 

Makiritare 

1.1.2, 2.4, 2.11.1, 3.1, 4.7, 4.19.1, 4.20.1, 5.3, 
6.10, 6.13, 7.1, 7.2, 7.3, 7.7.3, 8.1, 8.3.1, 9.1, 
10.1, 36.1, 37.1, 38.2, 41.1.1, 43.1.1, 44., 50.1.1, 
51.2.2, 53., 54., 56., 57., 58., 63., TKT 

271, 454, 569, 850, 926 
51: Mapuche (Andean) 

Mapuche 

1.2.1, 1.2, 2.5, 2.7, 2.11.1, 3.1, 4.1, 4.13.1, 
4.19.1, 4.19, 7.7.1, 8.1, 9.1, 10.1, 36.1, 51.1.1, 

84, 522 
§2: Maricopa Yuma (Hokan) 

Maricopa, Yuma 

1.1.2, 1.2.1, 2.5, 2.11.1, 3.1, 4.13.1, 4.19.1, 


6.3, 7.3, 8.1, 9.1 
216, 658 

53: Mataco (Macro-Panoan) 
Mataco 


901, 909 
54: Maue (Equatorial) 

Satere Mawe 

307, 733 
55: Maya (Penutian) 

Maya 

1.1, 1.2, 2.5, 2.11.1, 3.1, 4.10.1, 4.13, 4.19.1, 
4.19, 4.30.1, 5.1, 6.1, 6.10, 7.3, 7.7.1, 8.1, 9.1, 
10.1, 36.1, 37.1, 43.1.1, 50.1.1, 51.1.6, 51.2.1, 
52453544 

708 
56: Maya Eastern (Penutian) 

Cakchiquel, Ixil Maya, Kekchi, Mam, 
Pocomam, Quiche, Quiche Maya, Tzutujil Maya 

L1L.2, 1, 1.2.1, 1.2, 2.5, 2.7, 2:11.1,3,1,47, 
4.10.1, 4.10.2, 4.19.1, 4.19, 5.1, 6.1, 6.3, 6.7.2, 
6.10, 6.11, 6.13, 7.7.1, 8.1, 8.3.1, 9.1, 9.3.1, 
10.1, 36.1, 37.1 

405 
57: Micmac (Almosan) 

Micmac, Penobscot 

1.2, 2.7, 3.1, 4.7, 4.19, 5.1, 6.13, 7.7.1, 8.1, 
9.1, 10.1 

ype 
58: Misumalpan (Chibchan-Paezan) 

Lenca, Paya, Sumo 

1.1.2, 1.2, 2.11.1, 3.1, 4.19.1, 4.30.1, 6.3, 
6.7.2, 7.7.1, 8.1, 9.3.1, 10.1, 36.1, 37.1, TKT 
59: Nahua (Central Amerind) 

Nahua 

1.1, 2.1, 2.5, 3.1, 4.1, 4.19, 6.1, 8.1, 10.1, 
36.1, 37.2, 43.1.1, 51.1.6 

259, 295, 470 
60: Navaho (Na-Dene) 

Navaho, Navaho Ramah 

12.151 .2; 2,5, 2.7, 2.15,1,.3.1,413.1,4.13, 
4.19, 5.1, 6.13, 7.7.1, 8.1, 9.3.1, 10.1, 38.1, 65., 
I, Il, TKT 

216, 262, 377, 660, 753, 947 
61: Noanama (Chibchan-Paezan) 

Noanama 

TKT, 146 
62: Nootka Makah (Almosan) 

Ahousat Nootka, Kwakiutl, Makah, Makah 
Klallam, Makah Nitinat, Makah Quilleute, 
Nitinat, Nootka, Nootka Nitinat 

1.2.1, 2.5, 2.11.1, 3.1, 4.1, 4.19.1, 5.3, 6.3, 
LTA; 3.1, 9.1, 105, 51.2.1, 53.,.1 
63: Ojibwa (Almosan) 

Ojibwa 

SC, TKT 
64: Oyampi (Equatorial) 

Oyampi, Wayampi 

1.1.1, 2.5, 4.13.1, 8.1, 10.1, 36.1, 37.1, SC 

84, 852, 855 
65: Pacas Novas (Equatorial) 

Pacas Novas 

307, 734 
66: Paez (Chibchan-Paezan) 

Paez 

1.2.1, 2.11.1, 3.3, 4.19.1, 6.3, 7.3, 8.1, 9.1, 
10.1, 36.1, 37.1, I 
67: Palikour (Equatorial) 

Palikour 

1.1, 2.5, 3.1, 4.13, 8.1, 10.1, 36.1, 37.1, 38.1, 
SC 


i ie eae a a a aa a I i I eT a ON I NE 


68: Panare (Macro-Carib) 

Panare 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.3, 8.1, 9.1, 10.1, 
36.1 
69: Papago (Central Amerind) 

Papago 

1.2.1, 1.2, 2.11.1, 3.1, 4.19.1, 6.3, 6.13, 7.3, 
7.7.1, 8.1, 9.1, 36.1, 37.1, 38.1, 65., I 

377, 405, 520, 648, 749 
70: Parakana (Equatorial) 

Parakana 

84, 85, 522 
71: Pemon (Macro-Carib) 

Pemon, Pemon Arecuna, Pemon Camaracoto, 
Pemon Taurepan 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.3, 8.1, 9.3.1, 10.1, 
36.1, 37.1 
72: Piaroa (Equatorial) 

Piaroa 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.3, 8.1, 9.3.1, 10.1, 
36.1, 37.1, SC, TKT 

569, 850, 926 
73: Pima (Central Amerind) 

Pima 

1.2.1, 1.2, 2.5, 2.7, 2.11.1, 3.1, 4.13.1, 4.19.1, 
5.1, 6.1, 6.3, 7.3, 7.7.1, 8.1, 9.1, 10.1, 36.1, 37.1 

88, 216, 221, 377, 405, 505, 658 
74: Quechua (Andean) 

Quechua 

1.1, 1.2.1, 1.2, 2.4, 2.5, 2.11.1, 3.1, 3.3, 4.13, 
4.19.1, 4.19, 4.30.1, 6.1, 6.3, 6.5, 6.11, 7.3, 
7.7.1, 8.1, 9.1, 10.1, 36.1, 37.1, 39.1, 51.1.1, 
51.1.6, 65., SC, TKT 

248, 261, 405, 504, 505 
75: Rama (Chibchan-Paezan) 

Rama 

1.2, 2.11.1, 3.1, 4.19.1, 7.7.1, 9.3.1, 10.1, 
36.1, 37.1, TKT 
76: Salish (Almosan) 

Flathead, Gulf Salish, Muckleshoot, 
Okanogan, Okanogan Swinomish, Quinault, 
Swinomish 

1.2, 2.5, 4.1, 4.11, 4.19, 8.1, 65., II 
77: Seminole (Penutian) 

Seminole 

1.2, 2.4, 2.11.1, 2.21, 3.1, 4.7, 4.19, 6.13, 7.3, 
8.1, 10.1, 36.1, 37.1, 38.1, 50.1.1, 51.2.1, 52., 
I P 
78: Shipibo (Macro-Panoan) 

Shipibo 

1.1.2, 2.11.1, 3.1, 4.7, 4.19.1, 6.1, 7.3, 7.7.1, 
8.1, 9.1, 10.1, 36.1, 37.1 
79: Siona (Macro-Tucanoan) 

Secoya, Siona 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.3, 9.1, 10.1, 36.1, 
37.1, TKT 

407 
80: Siriono (Equatorial) 

Siriono 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.7.3, 9.1, 10.1 

901, 902 
81: Slave (Na-Dene) 

Slave 

65., TKT 
82: Tarahumara (Central Amerind) 

Tarahumara 

1.1.1, 2.1, 2.2, 3.1, 4.1, 4.19.1, 4.19, 6.1, 8.1, 
10.1, 51.1.6, 65., I 
83: Tarasco (Chibchan-Paezan) 

Tarasco 

1.1, 2.1, 2.2, 2.5, 3.1, 4.1, 4.13, 4.19.1, 6.1, 
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8.1, 10.1, 51.1.6 

470 
84: Ticuna (Macro-Tucanoan) 

Ticuna 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.7.3, 8.1, 9.1, 10.1, 
36.1, 37.1 

271, 453, 523, 567 
85: Tlingit (Na-Dene) 

Tlingit 

1.2.1, 2.7, 3.1, 4.19, 6.1, 6.4, 7.7.1, 8.1, 9.1, 
10.1, 36.1, I 

770 
86: Toba (Macro-Panoan) 

Toba 

1.1.2, 2.11.1, 3.1, 4.19.1, 7.7.3, 8.1, 9.1, 10.1, 
36.1, 37.1, I, SC, TKT 
87: Totonaca (Penutian) 

Totonaca 

1.2.1, 2.5, 2.7, 2.21, 3.1, 4.1, 4.13, 4.30.1, 
6.3, 7.7.1, 8.1, 9.1, 10.1, 36.1, 37.1, I 
88: Trio (Macro-Carib) 

Tiriyo, Trio 

SC, TKT 

84, 266, 728 
89: Tunebo (Chibchan-Paezan) 

Tunebo 

1.2.1, 2.11.1, 3.3, 4.19.1, 7.3, 8.1, 9.1, 10.1 
90: Tzeltalan (Penutian) 

Chamula, Maya Tzeltal, Tzeltal, Tzotzil, 
Tzotzil Tzeltal, Zinancantec 

LA, 1, .1.21,25, 2.7, 2:11.1,.2.21, 3.1, 
4.1, 4.10.2, 4.13, 4.19.1, 5.1, 6.3, 6.11, 7.7.1, 
8.1, 9.1, 9.3.1, 10.1, 36.1, 37.1, 51.1.6, 65., SC 
91: Unspecified (All America) 

Amantani, Amazon, Amerindian, Andino, 
Aweikoma, Caboclo, Ceara, Colla, Icana River, 
Lamista, Llachon, Palta, Panzaleo, Pecheur, Port 
Madison, Puno, Quijo, Shaparu, Taquile, Tulalip 

LAS A, 42,25, 2.5% 2114, 2.21;3.4, 45, 
4.7, 4.10.1, 4.10.2, 4.11, 4.13.1, 4.13, 4.19.1, 
4.19, 5.1, 6.1, 6.5, 7.3, 7.7.1, 8.1, 9.1, 10.1, 36.1, 
36.2, 50.1.1, 51.2.2, 53., 56., 57., 65., I, II, SC, 
TKT 

88, 145, 273, 307, 470, 753 
92: Unspecified (Na-Dene) 

Athabascan Tlingit, Beaver, Beaver Cree, 
Chilcotin, Cibecue, Dene, Hupa, Kutchin, 
Sarcee, Tanana, Tushone 

LL, L12;25; 2.7, 241A, 3A, 33; 4.7, 
4.10.2, 4.13, 4.19.1, 4.19, 6.1, 6.7.2, 6.13, 7.3, 
7.7.2, 8.1, 9.1, 10.1, 53., 65., I, TKT 

841 
93: Unspecified (Almosan) 

Cree Flathead Stoney Sa, Piegan, Quilleute 

4.1, 65., 1 
94: Unspecified (Keresiouan) 

Mohawk, Omaha, Seneca, Sioux 

1.2, 9.1, 9.3.1, 10.1, 36.1, 37.1, 39.1, 51.1.6, I 

520, 755 
95: Unspecified (Penutian) 

Amerindian, Alabama Coushatta, Chol, Chol 
Mam Pocoman Quiche, Huasteco, Tsimshian, 
Yakima, Zoque 

1.1.1, 2.5, 2.7, 3.1, 4.1, 4.13, 6.1, 6.3, 9.1, 
10.1, 36.1, 37.1, 38.1, 50.1.1, 53., SC 

145, 216, 376, 470 
96: Unspecified (Hokan) 

Cocopah, Seri, Seri Yaqui, Tlapaneque 

11,2, 1.1, 25,4.1, 1 

216, 658 
97: Unspecified (Central Amerind) 

Amerindian, Chemehuevi Mohave, 


Chinanteco, Cora, Cora Huichole, Hopi, Hopi 
Tewa, Huichole, Mazateco, Mixteca, Otomi, 
Pueblo, Pueblo Keresan, Pueblo Tewa, 
Tlaxcalteca, Ute, Yaqui, Zapoteca Mixteca 

Li 82.1512) 2:1,2.2.25, 2.7, 34,44, 
4.11, 4.13.1, 4.13, 4.19, 6.1, 7.3, 8.1, 10.1, 36.1, 
37.1, 50.1.1, 51.1.6, 53., 65., I, SC, TKT 

377, 470, 753, 947 
98: Unspecified (Chibchan-Paezan) 

Boruca Bribri Cabecar, Canari, Cara, 
Caramanta, Cayapo Jivaro Quechua S, Chibcha, 
Choco Guaymi San Blas C, Guambia Kokonuko, 
Guatuso, Guayqueri, Ica Tunebo, Itonama, 
Katio, Kwaiker, Lloro, Motilone Lamista, 
Puruha, Shirishana 

1.1.2, 1.1, 1.2, 2.5, 2.11.1, 3.1, 4.1, 4.7, 
4.10.2, 4.13, 4.19.1, 6.1, 6.3, 6.11, 7.7.1, 8.1, 
9.1, 10.1, 37.1, 51.1.1, I 
99: Unspecified (Andean) 

Pehuenche, Quechua Aymara, Ranquel, 
Waorani, Yagane 

1.1, 2.7, 4.19.1, 4.19, 10.1, 36.1, 43.1.1, 65., 
TKT 

161, 171, 452 
100: Unspecified (Macro-Tucanoan) 

Tucano 

1.1, 2.5, 4.1, 4.19.1, 9.1, 10.1, 65. 

101: Unspecified (Equatorial) 

Aguaruna Aymara Campa I, Arawak Carib 
Trumai, Arawak Carib Trumai Tup, Assurini 
Cacarapai, Assurini Cacarapai Gali, Assurini 
Galibi Uaica U, Caiua, Cariba Tupi, Chaguanaco 
Chamococo, Chamacoco Chulupi, Chamacoco 
Chulupi Guaya, Chiriguano, Cuiva Guahibo 
Makiritar, Guahibo, Guarani, Kanamari, 
Machiguenga, More, Tariana Tucano Macu, 
Terena, Uru 

1.1.2, 1.2.1,.1.2, 2.5,.2.7, 2.11.1, 3.1, 47, 
4.11, 4.13.1, 4.19.1, 5.1, 6.1, 6.3, 7.1, 7.2, 7.3, 
7.7.1, 7.7.3, 8.1, 9.1, 9.3.2, 10.1, 36.1, 37.1, I, 
SC 

38, 271, 504, 505, 523, 538 
102: Unspecified (Macro-Carib) 

Acawaio, Acawaio Macushi, Bakairi, Irapa, 
Macoita, Makiritare Yanomama Wai, Pariri, 
Pijao, Roucouyenne, Yabarana Maacu Piaroa, 
Yagua 

1.1.2, 2.11.1, 3.1, 4.19.1, 6.3, 7.3, 8.1, 9.1, 
10.1, 36.1, 37.1, 46., I, TKT 
103: Unspecified (Macro-Ge) 

Bororo, Canella, Caraja, Gorotire 

2.5, 2.7, 4.11, 4.19.1, 6.1, 8.1, 10.1, 37.1, 65., 
I 

160, 522 
104: Unspecified (Macro-Panoan) 

Calchaqui, Calchaqui Diaquita, Chacobo, 
Chama, Choroti Chulupi Mataco, Choroti 
Mataco, Isconahua, Jaminawa, Katukina, Maca, 
Marubo, Mataco Mataguayo, Mocetene, Panoa, 
Sanapana 

1.1.1, 1.1.2, 1.2, 2.5, 2.11.1, 3.1, 4.7, 4.13, 
4.19.1, 5.1, 6.1, 7.1, 7.2, 7.3, 7.7.1, 7.7.3, 8.1, 
9.1, 10.1, 36.1, 37.1, 43.1.1, I, SC, TKT 

120, 271, 523, 538, 569 
105: Wajana (Macro-Carib) 

Oayana, Wajana, Wayana 

1.1.2, 2.5, 3.1, 4.13.1, 8.1, 10.1, SC, TKT 

266, 852 
106: Wapishana (Equatorial) 

Wapishana 

1.1.2, 2.11.1, 4.19.1, 6.3, 8.1, 9.1, 10.1, 36.1, 
37.1, TKT 
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569, 570, 571, 850, 926 
107: Warao (Chibchan-Paezan) 
Warao 


1.1.2, 2.4, 2.5, 2.11.1, 3.1, 4.13.1, 4.19.1, 7.3, 


8.1, 10.1, 37.1, 43.1.1, 44. 

255, 405, 523 
108: Xavante (Macro-Ge) 

Xavante 

1.1.2, 2.4, 2.11.1, 3.1, 4.7, 4.19, 6.13, 7.1, 
7.2, 7.7.3, 8.1, 9.1, 10.1, 36.1, 37.1, 38.1, 44., 
50.1.1, 51.2.2, 52., 57., SC 

178 
109: Yanomama (Chibchan-Paezan) 

Vaica, Waica, Yanomama, Yanomama 
Sanema, Yanomama Waica 

1.1.2, 2.11.1, 3.1, 4.19.1, 5.3, 6.1, 7.1, 7.2, 
7.3, 8.1, 8.3.1, 9.1, 9.3.1, 10.1, 36.1, 37.1, 38.1, 
39.1, 41.1.1, 50.1.1, 51.2.2, 53., 54., SC, TKT 

178, 454, 522, 569, 850, 926 
110: Yucatecan (Penutian) 

Itza Maya, Lacandon 

11.2, 1.2.1, 12, 2.5, 2.7, 2.11.1; 2.21, 3.1, 
4.10.2, 4.19.1, 5.3, 6.3, 6.11, 7.7.1, 7.7.3, 8.1, 
9.1, 9.3.1, 10.1, 36.1, 37.1, 52. 

111; Yupa (Macro-Carib) 

Yupa, Yupa Irapa, Yupa Irapa Macoita Pari, 
Yupa Macoita, Yupa Pariri Wasama, Yupa 
Shaparu 

1.1.2, 2.11.1, 3.1, 4.10.2, 4.19.1, 4.19, 5.1, 
6.11, 7.3, 8.1, 9.1, 10.1, 36.1 

374 
112: Yupik (Eskimo-Aleut) 

[also see Asia] 

Eskimo, Yupik 

312, 770 
113: Zamucoan (Equatorial) 

Ayore, Chamacoco, Moro 

1.1.2, 1.2.1, 2.11.1, 3.1, 4.19.1, 7.7.1, 7.7.3, 
8.1, 9.1, 10.1, 36.1, SC, TKT 

120, 522, 569, 732 


114: Zapoteca Chiapaneca (Central Amerind) 


Chiapaneca, Zapoteca 

1.2, 2.5, 2.21, 3.1, 4.19.1, 4.19, 6.3, 7.7.1, 
8.1, 9.1, 10.1, 36.1, 37.1, I, SC 

259, 520 
115: Zuni (Penutian) 

Zuni 

1.2.1, 2.11.1, 6.13, 7.1, 7.3, 10.1, 37.1, 38.1, 
53., TKT 

405, 753 


OCEANIA: PACIFIC 
1: Bariai Kilengi (Austric) 
Bariai, Kilengi, Kilengi Lollo, Kove 


1.2.1, 2.2, 2.5, 2.7, 4.13.1, 4.19.1, 36.1, 37.1, 


51.1.1, SC 
100, 749 

2: Bougainville Northeast (Indo-Pacific) 
Nagovisi, Nasioi, Simeku 
SC, TKT 
247, 449 

3: West Bougainville (Indo-Pacific) 
Nasioi, Aita, Eivo, Kunua, Rotoka 
1.2.1, 2.7, 3.1, 4.19.1, SC, TKT 
247, 449 

4: Buka (Austric) 
Buka 
488 

5: Caroline (Austric) 
Micronesian 


1.2.1, 1.2, 2.2, 2.5, 2.7, 4.7, 4.13.1, 6.1, 6.6.2, 


51.1.1, 1, SC, TKT 
86, 88, 273, 543, 957 


6: Cook (Austric) 

Polynesian 

1.2.1, 2.4, 2.5, 2.7, 3.1, 3.3, 4.7, 4.13.1, 
4.20.1, 4.26, 6.1, 6.6.2, 7.1, 7.3, 7.7.1, 7.8, 8.1, 
9.1, 10.1, 36.1, 37.1, 38.1, 51.1.6, 65., II 

88, 384, 385, 386, 490 
7: Easter (Austric) 

Polynesian, Hanau Momoko 

1.1, 1.2.1, 1.2, 2.5, 2.7, 2.11.1, 2.21, 3.1, 4.1, 
4.7, 4.14, 4.19.1, 5.1, 6.1, 6.3, 7.3, 7.7.1, 8.1, 
9.1, 10.1, 36.1, 41.1.1, 44., 65., I 

405 
8: Ellice (Austric) 

Polynesian 

1.2.1, 2.4, 2.11.1, 3.3, 4.7, 4.10.2, 4.19.1, 
6.14, 7.1, 7.8, 8.1, 9.1, 10.1, 36.1, 37.1 
9: Fiji (Austric) 

Aborigine, Melanesian 

2.5, 2.7, 4.1, 4.13.1, 4.19.1, 8.1, 49.1.2, I, II, 
SC, TKT 

86, 273, 384, 385, 386, 405, 783 
10: Gilbert (Austric) 

Micronesian 

1.2.1, 2.7, 3.3, 4.7, 4.10.2, 4.13.1, 4.19.1, 
6.14, 7.1, 7.2, 7.8, 8.1, 9.1, 10.1, 36.1, 37.1, II 

384, 386 
11: Kanaka (Austric) 

Kanaka 

1.2.1, 2.7, 3.1, 4.7, 4.19.1, 8.1, 9.2, I 
12: Kapingamarangi (Austric) 

Kapingamarangi 

2.7, 4.7, 4.13.1, 7.3, 7.4, 65. 
13: Kaulong Mengen (Austric) 


Arawe, Kaulong, Kombe, Mangsing, Mengen 


1.2.1, 2.7, 3.1, 4.19.1, 7.1, 36.1, 37.1, 51.1.1 
100 
14; Luangiua (Austric) 
Luangiua, Ontong Java 
1.2.1, 2.2, 2.5, 2.7, 2.11:1, 3.1, 4.7, 4.13.1, 
4.19.1, 7.1, 8.3.1, 36.1, TKT 
449 
15: Malaita (Austric) 
Baegu, Kwaio, Lau 
SC, TKT 
449 
16: Manus (Austric) 
Islander, Usiai, Melanesian, Manus 
1.2.1, 2.7, 4.19.1, 6.1, 7.3, 8.3.1, 36.1, TKT 
601 
17: Marquesas (Austric) 
Polynesian 
4.13.1, 5.1, 6.1, 7.3, 8.1, 10.1, 65. 
18; Marshall (Austric) 
Micronesian 
1.2, 2.5, 2.7, 3.1, 4.7, 4.19.1, 6.1, 7.3, 7.4, 
8.1, 10.1, 36.1, 37.1, 39.1, II, SC 
568 
19; Nakanai (Austric) 
Lakalai, Mamusi Nakanai, Nakanai 
1.2.1, 2.2, 2.5, 2.7, 3.1, 4.13.1, 4.14, 4.22, 
6.1, 7.1, 7.3, 8.1.1, 10.1, 36.1, 65., I 
20: Ndeni (Indo-Pacific) 
Melanesian 
516 
21: New Britain (Indo-Pacific) 
Baining, Sulka, Taulil 
1.2.1, 2.7, 4.7, 4.13.1, 4.19.1, 6.1, 7.3, 8.1.1, 
36.1, 37.1, 50.1.1, 51.1.1, SC 
22: New Hebrides (Austric) 
Aborigine, Melanesian 
1.1, 1.2.1, 2.4, 2.7, 3.3, 4.7, 4.10.2, 4.13.1, 
4.19, 4.20.1, 5.1, 6.1, 6.6.2, 6.7.2, 7.1, 7.3, 7.8, 


8.1, 8.3.1, 9.1, 10.1, 36.1, 37.1, 38.2, 65., II 

86, 88, 92 
23: New Zealand (Austric) 

Maori, Maori Arawa Ngapuhi, Maori 
Polynesian, Tuhoe, Tuhoe Maori 

2.5, 2.7, 3.1, 3.3, 4.1, 4.7, 4.10.2, 4.13.1, 
4.19, 4.20.1, 5.1, 6.1, 6.6.2, 6.7.2, 7.1, 7.3, 7.7.2, 
7.8, 8.1, 9.1, 10.1, 49.1.1, 51.1.6, 65., I, I 

64 
24: Palau (Austric) 

Palau 

2.7, 3.1, 4.7, 4.13.1, 7.3, 7.4, 65., I, Il 
25: Pingelap (Austric) 

Pingelap 

SC, TKT 

543, 957 
26: Ponape (Austric) 

Ponape 

SC, I 

543, 957 
27: Rennellese (Austric) 

Polynesian 

92 
28: Samoa (Austric) 

Polynesian 

51.1.6, I 

86, 88, 273, 384, 385, 386, 750, 783 
29: Satawal (Austric) 

Satawal 

90 
30: Society (Austric) 

Islander, Polynesian 

1.2.1, 2.5, 4.13, 6.1, 8.1, 39.1, I 

423 
31: Tikopia (Austric) 

Polynesian 

92 
32: Tokelau (Austric) 

Islander, Polynesian 

1.2.1, 2.2, 2.4, 2.5, 3.3, 4.10.2, 4.20.1, 6.1, 
6.6.2, 7.1, 7.8, 8.1, 10.1, 36.1, 37.1, 51.1.6 

86, 88, 273, 783 
33: Tolai (Austric) 

Tolai 

1.2.1, 2.7, 3.1, 4.13.1, 4.19.1, 7.1, 8.3.1, 36.1, 
37.1, 51.1.1, SC 

99, 749 
34: Tonga (Austric) 

Islander, Polynesian 

1.2.1, 2.4, 2.7, 2.11.1, 3.3, 4.7, 4.10.2, 4.13.1, 
4.19.1, 6.7.2, 6.13, 7.1, 7.8, 8.1, 9.1, 10.1, 37.1, 
51.1.6, Il, TKT 

533 
35: Toraua (Austric) 

Torau 

SC 

247 
36: Truk (Austric) 

Truk 

1.2.1, 2.7, 3.1, 4.13.1, 4.19.1, 7.3, 7.4, 8.1, 
9.2, 36.1, 38.1, 65., I, II, SC 
37: Ulithi (Austric) 

Ulithi 

90, 601 
38: Unspecified (Pacific) 

Blander, Islander, Nu, Ulawa, Uramet, Usiai 

LA, 1.2.1, 2.2, 2.4, 25, 2.7, 2111, 3.3, 4.7, 
4.10.2, 4.13.1, 4.19.1, 4.20.1, 5.1, 6.1, 6.7.2, 
6.13, 7.1, 7.3, 8.1, 9.1, 10.1, 36.1, 37.1, 51.1.6, 
57., 65., 1, Il, SC, TKT 

449 
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39: Unspecified (Austric) 
Islander, Micronesian, Polynesian, 
Melanesian, Canaque, Iaai, Nauruan, Uvea 
1.1, 1.2.1, 2.7, 3.3, 4.1, 4.13.1, 4.20.1, 6.6.2, 
6.13, 8.1.1, 8.3.1, 9.1, 36.1, I, I 
88, 92, 384, 385, 386, 783, 784 
40: Unspecified (Indo-Pacific) 
Melanesian 
1.2.1, 2.7, 3.3, 4.13.1, II, SC 
92, 100 
41: Uruava (Austric) 
Uruava 
SC 
247 
42: Woleai (Austric) 
Woleai 
90 
43: Yap (Austric) 
Yap 
1.1, 1.2.1, 2.5, 2.7, 3.1, 4.19.1, 8.1, 9.2, 36.1, 
37,1, 50.1.1 


OCEANIA: NEW GUINEA 
44: Agarabi (Indo-Pacific) 

Agarabi 

36.1, 37.1, TKT 

273, 546 
45: Angan (Indo-Pacific) 

Anga, Kamea(Kapau) Anga, Kapau, 
Kukukuku, Kukukuku Menyamya, Simbari, 
Wajakesa, Watut, Yagwoi Kukukuku 

1.2.1, 2.7, 4.13.1, 8.3.1, 36.1, 37.1, 51.1.1, 
SC, TKT 

86, 89, 99, 100, 102, 173, 409, 749 
46: Asmat (Indo-Pacific) 

Asmat 

1.1, 1.2.1, 2.5, 2.7,.2.21, 3.1, 4.13.1, SC 

86, 254, 802 
47: Auyana (Indo-Pacific) 

Auyana, Auyana Fore Keiagana Gi 

36.1, 37.1, 51.1.1, TKT 

409, 471, 546 
48: Awa (Indo-Pacific) 

Awa 

51.1.1, SC, TKT 

471 
49: Awin (Indo-Pacific) 

Awin 

SC, TKT 
50: Awyu (Indo-Pacific) 

Awyu, Mandobo, Mandobo Papuan 

1.1, 1.2.1, 2.5, 2.7, 3.1, 4.13.1 

86, 254, 409 
51: Binandere (Indo-Pacific) 

Binandere, Ewa Ge, Hunjara, Orokaiva 

1.2.1, 2.5, 2.7, 3.1, 4.13.1, 4.19.1, 4.22, 6.1, 
TKT 

102, 749 
52: Bougainville Southeast (Indo-Pacific) 

Buin, Siuai, Sivai 

1.2.1, 2.7, 3.1, 4.7, 4.19.1, 6.1, 7.1, 36.1, SC 

247 
53: Daga (Indo-Pacific) 

Daga 

TKT 

86, 373, 749 
54: Dani (Indo-Pacific) 

Dani 

1, 1.2.1,25, 2.7, 31,413.41, 9.1, 31.1.1, 
TKT 

177 
55: Enga (Indo-Pacific) 
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Enga, Enga Murapin 

1.2.1, 2.3, 2.4, 2.5, 2.7, 2.11.1, 4.13.1, 4.19.1, 
4.22, 6.1, 7.3, 8.3.1, 9.1, 36.1, 37.1, 53., 56., 57., 
58., SC, TKT 

409, 781 
56: Finisterre (Indo-Pacific) 

Irumu, Tep Tep, Wantoat, Yupna 

TKT 

86, 819 
57: Fore (Indo-Pacific) 

Fore 

1.2.1, 2.3, 2.4, 2.5, 2.7, 3.1,°4.13.1, 7.3, 8.3.1, 
9.1, 36.1, 37.1, 51.1.1, 58., SC, TKT 

86, 409, 546, 796 
58: Fuyuge (Indo-Pacific) 

Fuyuge, Tauade 

TKT 

86, 102, 749 
59: Gadsup (Indo-Pacific) 

Gadsup 

36.1, 37.1, 51.1.1, TKT 

86, 471 
60: Gahuku (Indo-Pacific) 

Asaro, Bena Bena, Gahuku Asaro Bena Bena, 
Gahuku Kamano 

1.2.1, 2.7, 4.19.1 

86, 489, 546, 971 
61: Gainj (Indo-Pacific) 

Gainj 

952 
62: Gimi (Indo-Pacific) 

Gimi, Gimi Mani 

36.1, 37.1, TKT 

409 
63: Gogodala (Indo-Pacific) 

Gogodara, Gogodara Kiwai 

SC 


100, 781 
64: Guhu Semane (Indo-Pacific) 

Guhu Samane 

TKT 

99, 102, 749 
65: Kamano (Indo-Pacific) 

Kamano, Keiagana, Yagaria 

36.1, TKT 

409, 546 
66: Kamoro (Indo-Pacific) 

Kamoro 

1.1, 2.5, 2.7, 3.1, 4.13.1 
67: Kapauku (Indo-Pacific) 

Kapauko, Kapauko Me, Kapauko Papuan, 
Kapauko PapuanMe, Papuan 

1.2.1, 2.4, 2.5, 2.21, 3.1, 4.24.1, 6.3, 6.5, 
10.1, 51.1.1 
68: Kayagar (Indo-Pacific) 

Kayagar, Kayagar Khogir 

1.2.1, 2.7, 4.13.1 

254, 409 
69: Kuman (Indo-Pacific) 

Melanesian, Chimbu, Chimbu Chuave Hagen 
Lan, Gumine, Kuman 

1.2.1, 2.2, 2.5, 2.7, 4.7, 4.13.1, 4.19.1, 7.1, 
7.3, 36.1, I, 1, SC, TKT 

86, 781 
70: Kunimaipa (Indo-Pacific) 

Kunimaipa 

TKT 

99, 100, 102, 749 
71: Mabuso (Indo-Pacific) 

Mabuso 

103 
72; Momberamo (Indo-Pacific) 


Idenburg Rouffaer 

254 
73: Moni (Indo-Pacific) 

Moni 

86, 254 
74; Motu Et Al (Austric) 

Melanesian, Hula, Kukuya, Kuni, Motu, Roro 

1.2.1, 2.7, 3.1, 4.13.1, 4.19.1, 6.1, 7.3, SC, 
TKT 

86, 100, 102, 273, 749 
75: Ok (Indo-Pacific) 

Muyu, Muyu Papuan, Yonggom 

1.1, 2.5, 2.7, 3.1, 4.13.1, TKT 

749 
76: Tairora (Indo-Pacific) 

Tairora 

36.1, 37.1, 51.1.1, TKT 

471, 546 
77: Takia (Austric) 

Melanesian, Bilbil, Manum, Takia 

1.2.1, 4.19.1, 7.3, TKT 

86, 91, 99, 100, 103, 273, 405, 749 
78: Unspecified (New Guinea) 

Aborigine, Bagussa Kaipeso Kawerab, 
Baudji, Biami, Blander, Casmat, Ho’Op, 
Islander, Jair, Jair Papuan, Maopa, Melanesian, 
Moejoe Papuan, Mungai, Nu, Olsobip, 
Onabasulu, Porgera, Rigo, Sauwi, Uramet, Usiai, 
Waritsian, Yaro 

ba, 12.1, 2.2, 2.3, 2.4,'2.5, 2.7, 3.1, 4.1, 4.7, 
4.10.2, 4.13.1, 4.14, 4.19.1, 5.1, 6.1, 6.7.2, 7.1, 
7.3, 8.1, 8.3.1, 9.1, 10.1, 36.1, 37.1, 38.2, 46., 
50.1.1, 51.1.1, 51.1.6, 58., 65., II, SC, TKT 

91, 273, 384, 386, 409, 484, 533, 601 
79: Unspecified (Austric) 

Melanesian, Amari, Atzera, Bukawa, 
Wampur 

2.5, 2.7, 4.13.1, 5.1, 36.1, 37.1, 51.1.1, 56., 
TKT 

86, 99, 100, 101, 749 
80: Unspecified (Indo-Pacific) 

Aborigine, Melanesian, Porgera, Watut, 
Asaro, Kamano, Papuan, Abelam, Aikut Sinipit 
Kaibigir, Asmat Kayagar Mandobo, Breri, Duna 
Hewa, Erema, Foi, Genatei, Gogol, Huli, Iatmul 
Manambo, Jaqai Kimaam, Jaqai Kimaam 
Mandobo Ma, Kanite, Kikori, Kire, Kiwai, 
Koita, Koita Motu, Kovio, Kovio Wei Abi, 
Mailu, Managalase, Marind, Maring, Marshall 
Lagoon, Mendi, Mendi Pole Huli, Mugil, Mulia, 
Mulia Dani, Mumeng, Namie, Ndu, Nimboran 
Papuan, Papuan Pygmy, Pari, Pawaian, Pihom, 
Pole, Rao, Sause, Sekori Other Papuan, Sentani, 
Sentani Papuan, Sepik Ramu, Tari, Torricelli, 
Uhunduni, Vanapa, Wapei Palei, Weri Guhu 
Samane, Yambes, Yanggan, Yate 

El, U21,1.2,22, 24, 25,2.7; 211.1, 2.21, 
3.1, 3.3, 4.7, 4.13.1, 4.19.1, 4.22, 5.1, 6.1, 6.2, 
6.7.2, 7.1, 7.3, 7.4, 7.7.1, 8.3.1, 9.1, 10.1, 36.1, 
37.1, 49.1.2, 51.1.1, 51.1.6, 58., 63., 65., I, II, 
SC, TKT 

86, 88, 91, 99, 100, 102, 103, 107, 148, 173, 
177, 273, 384, 385, 386, 405, 409, 545, 601, 
749, 782, 872 
81: Usurufa (Indo-Pacific) 

Usurufa 

36.1, 37.1, SC, TKT 
82: Waffa (Indo-Pacific) 

Binumarien, Waffa 

1.1, 2.7, 3.1, 4.19.1, 51.1.1, SC 
83: Waskia (Indo-Pacific) 

Waskia 
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TKT 

91, 103 
84: Weri (Indo-Pacific) 

Weri 

TKT 

100, 102, 749 

OCEANIA: AUSTRALIA 

85: Central (Australian) 

Aborigine, Warlpiri 

1.2.1, 2.5, 60., 1, SC, TKT 

87, 88, 384, 385, 405, 601, 737, 750 
86: Northern Territory Unspecified 
(Australian) 

Aborigine 

1.2.1, 2.2, 2.5, 2.7.1, 3.1, 4.7, 4.13.1, 4.19.1, 


6.1, 7.3, 10.1, 36.1, 53., 58., 65., II, SC, TKT 

87,91, 175 
87: Northern Territory (Australian) 

Aborigine, Aranda, Loritja, Malag, Papunya, 
Walpari 

L.1,.1.2,1,2.5, 2.7.1, 3.1,4.19.1,.7.3, 1.74, 
8.1.1, 8.3.1, 10.1, 36.1, 36.2, 37.1, 38.2, 50.1.1, 
51.1.6, 56., 57., 60., II, TKT 

86, 87, 91, 273, 601, 737 
88: Queensland (Australian) 

Aborigine, Kaiadilt, Lardiil, Wik 

1.1.1, 1.1, 1.2.1, 2.5, 2.7.1, 3.1, 4.7, 4.13.1, 
4.19.1, 5.1, 6.1, 7.3, 8.1.1, 9.1, 10.1, 36.1, 37.1, 
38.2, 50.1.1, I, SC, TKT 

87, 273 


89: Unspecified (Australian) 

Aborigine, Awa, Elco, Jokula, Mow 

2.5, 2.7.1, 4.7, 4.13, 4.19.1, 36.1, 37.1, 
43.1.1, 46., Il, SC, TKT 

86, 87, 150, 175, 273, 386, 484 
90: Western (Australian) 

Aborigine, Kudjuntari, Pintubi, Pitjantjara 

Boll, 12d, 222,295 Pedy 251545.2,05.Ook5 
4.13.1, 4.19.1, 5.2, 6.1, 6.7.2, 7.1, 7.2, 7.7.1, 
8.1.1, 9.1, 10.1, 36.1, 36.2, 37.1, 38.2, I, SC, 
TKT 

86, 87, 88, 91, 175, 273, 386, 403, 533, 737 
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Amto-Musian languages, 347 

Ananatuba culture, 315 

Anangula culture, 307 

Anasazi culture, 31 

Anatolian languages, 263 

anatomically modern humans (a.m.h.). See 
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Atacameno, 321, 328, 329 

Atayal, 232, 234, 235, 236 
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232, 349, 351-53; archaeological sites 
in, 344; environment of, 343-44; genetics 
of, 351-56, 36/7; linguistics of, 349-50, 
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Awin, 358, 359 
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Azilian culture, 285 

Aztec civilization, 313 
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Balinese, 225, 234, 234, 236 
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Balto-Slavic languages, 263, 265, 266 
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Bamileke, 183 

Bamum, 183 

Bandi, 182 

Bandkeramik culture, 280 
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Bangandu, 183 

Bangladesh, 68, 238-42 

Baniwa, 321 

Banjun, 183 

Bantu populations, 75, 76, 78, 82, 99, 
160, 178, 180; expansions of, 163, 
164-67, 184, 189, 191, 192, 194; 
first DNA studies of, 83-84; 


genetic distances for, 176, 181, 183; 
geographic and linguistic zones of, 184; 
languages of, 165—67; and Nilo-Saharan 
speakers, 183; and Pygmoids, 183. See 
also Africa; Africans 

Bari, 321, 328, 329 

Bariai, 362, 363, 365 

Barya, 173, 183 

Baryia. See Barya 

bases (nucleotides), defined, 5 

Bashkir language, 221 

Basque languages, 222, 263, 264, 276; 
place-names in France and Spain, 

280, 28] 

Basque populations, 58, 75, 76, 82, 154, 
265, 268, 269, 270, 272, 376; modern 
morphology of, 285-86; origins of, 
276, 280 

Bassa, 182 

Batak, 237 

Bedik, 169, 180, 181, 182 

Bedouins, 172, 193, 225, 242, 243, 244 

Bega. See Beja 

Beja, 165, 171, 172, 173, 192, 194 

Belgians, 268, 269, 270 

Bell Beaker culture, 258 

Benabena, 358 

Bengal Brahmin, 239 

Bengals, 223, 224 

Berber languages, 165, 171 

Berber populations, 75, 76, 78, 82, 99, 
171, 172, 174-75, 176,.178, 180, 

193, 194 
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BF: in the Americas, 130; in Asia, 246; in 
Europe, 288 

Bhils, 212, 239, 240 

Bhutanese, 225, 229, 230, 23] 

Biaka Pygmies, 169, 178, 179, 180, 183, 
194. See also Pygmy populations 

Bihars, 223, 224 

Billen, 173 

Binandere, 358, 359 

biological adaptation, defined, 11—12 

Birhor, 238 

Bismarck archipelago, 365 

Blackfoot Indians, 321 

blood groups: first detected, 9; genetic 
bias in, 71; as genetic markers, 7; 
polymorphisms in, 9, 11; used to classify 
populations, 4; variations in, among 42 
populations, 82. See also ABO; DI, FY; 
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Bo, and Tibet, 206 

Bolivia, 331 

Bombay Brahmin, 239 

bootstrap analysis: of 42 populations, 75, 
76; defined, 35, 77 

Borneo, 206, 207, 234, 236, 237, 344, 345 

Boruca, 321 

bottlenecks, genetic, defined, 36 

Bougainville populations, 90-93, 362, 
363, 365 

boundaries, genetic, defined, 269, 271, 374 

Bozo, 182 


Brahmins, 211, 225, 226, 239, 240 

Brahui, 221, 239 

Brazil, 306, 331-32, 334 

Bribri, 321 

British Isles, 257. See also English 
populations 

Buka Island, 362, 363 

Bulgaria, 257 

Bunun, 234, 235, 236 

Burgundians, 281 

Buriat, 227 

Burmese, 208, 223, 224 

Burushaski language, 220, 239 

Buryat language, 221 

Bushmen, 160, 167; languages of, 164-65. 
See also Khoisan populations 


C3 proactivator. See BF 

Cabecar, 321 

Caddoans, 321 

Caingang, 316, 321, 328 

Cairiguap, 329 

Cakchiquel, 321 

California, 310 

Cambodians, 208, 223, 224 

Campa, 321 

Canaanites, 217 

Canadian Eskimos, 227, 322, 326 

Canadian [nuit language, 318 

Canary Islands, 172 

Capsians, 162 

carbonic anhydrase 1; 2, in Australia, 367 

Carib, 321 

Caroline Islands, 346, 362, 363, 365 

Carthaginians, 260 

Cashinahua, 321 

Caspians, 242, 243, 244 

caste system, in India, 211-12, 240-41, 
245 

Castilian language, 286 

Catalan language, 286 

Caucasian languages, 98, 165, 220, 222 

Caucasians, 224, 225, 242, 243, 244 

Caucasoids, 174, 225; in Africa, 189; 
ancestors of, 253; DNA studies of, 
83-84, 90-93; European, 79-81; and 
Mongoloid admixtures, 224, 253, 254; 
morphological traits of, 222-23; non- 
European, 79-81; north African, 167-69, 
171. See also Mongoloids 

Caucasus, 223, 242 

Cayapo, 315, 321, 331-32 

Celtic populations, 260, 263, 265, 268-69, 
280-81 

Central America. See The Americas 

cephalic index, 4, 17, 266 

Chadic, 165, 173 

Chalcolithic period, in Europe, 199, 258 

Chamacoco, 321 

Chamorros, 237 

Chane, 321 

Chang, 235 

Chapacuna, 321 

Chavin culture, 314, 315 

CHE]: in Africa, 186; in Asia, 246; in 
Europe, 288 


CHE2: in Asia, 246; in Europe, 288 

Chenchu, 212, 239 

Cherokee, 321, 326, 327 

Ch’iang, 223, 224 

Chiapaneca, 321 

Chibchan populations, 318, 321, 322, 328, 
332, 341 

Chichén Itza, 313 

Chile, 306, 331 

Ch’in. See Qin 

China, 68, 203-6, 208, 233, 254. See also 
Asia 

Chinese populations, 99, 223, 224, 225, 
231; DNA studies of, 83-84, 90-93; 
northern, 230, 231, 232; southern, 75, 
76, 78, 82, 230, 231, 232, 234, 235, 
236, 238-39; surname studies of, 235. 
See also Asia 

Ching dynasty, China, 205 

Chipaya, 321, 331 

Choco, 321 

cholelithiasis, 129 

cholera, 129 

cholinesterase 1. See CHE] 

cholinesterase 2. See CHE2 

Choluteca, 321 

Choroti, 321 

chromosomes, defined, 5 

Chuang, 236 

Chukchi, 229 

Chukchi-Kamchatkan languages, 98, 99, 
220, 221, 229 

Chukchi populations, 75, 76, 78, 82, 99, 
229, 221, 229; 316, 320, 322,-323 

Chulupi, 321 

cirrhosis, liver, 129 

cladograms, 30, 37 

clicks (linguistic), 164, 174, 176, 177 

climate: effect on physical stature, 267; 
gene frequency variations and, 142—45 

Clovis culture, 306, 311 

cluster analysis, defined, 31, 69 

coalescent, theory of the, 86 

coancestry coefficients: defined, 29; See 
also Fsy distances 

Cocama, 315 

Cofan, 321 

cognates, language, defined, 24 

Colombia, 309, 314 

colonization: founders’ effect and, 15. See 
also migrations 

Colorado, 311, 321 

constant-evolutionary-rate hypothesis, 
32-33, 36 

Cook Islands, 362, 363, 364, 365-66 

Corsica, 260 

Costa Rica, 332 

Craho, 321 

craniometric data, for 17 populations, 
72-73 

Cree, 321, 326, 327 

Crete, 258, 259 

Cris culture, 257 

Cro-Magnon peoples, 65, 161, 256, 280 

Cucuteni culture, 258 

culture: diffusion of, versus demic 
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data, 284-85, 331, 381-82; kinship and, 
52-53; transmission of, 285. See also 
language 

Cushitic language, 165 

Cyclades, 258, 259 

cystic fibrosis, 153-54 

Czechoslovakians, 259, 268, 269, 270 


Daga, 358, 359 

Daic languages, 99, 220, 221, 235 

Dalton culture, 311 

Dama, 177 

Dani, 358, 359 

Danish populations, 75, 76, 82, 258, 268, 
269, 270, 308 

Darwinian fitness, 12 

Dayaks, 234, 237 

deme, defined, 21 

demic expansions: agriculture and, 
108-9; in the Americas, 310; defined, 
102; and language spread, 265, 266; 
of neolithic farmers, 102, 296-99. See 
also population expansions 

demographic-subsistence model, 102-3 

dendrograms, defined, 31, 37 

Dene-Caucasian language, 221 

Denmark. See Danish populations 

dental data, of Mongoloid populations, 204, 
316-17, 340 

deoxyribonucleic acid. See DNA 

DI: in the Americas, 129, 333-34; in Asia, 
129, 246; in selected populations, early 
studies of, 68-73 

diabetes, 129 

diachronic variation, defined, 16 

diaphorase-2, in Sardinians, 274 

diarrhea, infant, 129 

diego blood group. See DI 

Diuktai, 305, 317 

Diula, 182 

DNA: as a genetic marker, 10; defined, 5; 
DNA banks and, 378; evolutionary rates 
and, 14; individual variations in, 3-4; 
probes, 10; replication, 5; restriction 
analysis of, 10-11; sequencing of, 11, 
88-93. See also DNA analysis; genetic 
analysis; mtDNA 

DNA analysis, 4, 83-88, 337; of 5 world 
populations, 89-93; from classical 
gene markers, 93; end-labeling method 
of, 83; genetic distances and, 34; 
restriction, 10-11; Southern blotting 
method of, 83. See also DNA; 
genetic analysis; mtDNA; RFLP 

Dogrib, 321, 326, 327 

Dolgans, 221, 227, 316 

dominance, defined, 6 

Dravidian languages, 98, 99, 213, 220, 
221; 222, 238, 241, 265 

Dravidians, 75, 76, 82, 225, 239 

drift: in the Americas, 333; defined, 5, 
11, 13, 352; effect of population size 
on, 13-14; and evolution, 11; isolated 
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of, 352; in the Pacific Islands, 351-53; 
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versus founders’ effect, 15. See 
also migrations: population expansions 
Drosophila, 9 
Druses, 242, 243, 244 
Duffy blood group. See FY 
duodenal ulcers, 129, 133 
Dutch, 268, 268, 270 


East Bird’s Head languages, 347 

Easter Island, 362, 364, 366, 367 

Ecuador, 308, 314 

Egyptians, 158, 171, 172 

Elamite language, 221 

Elamo-Dravidian languages, 221 

electron spin resonance (ESR), 349 

electrophoresis, defined, 3, 9 

elite-dominance model, 102-3, 264-66 

Ellice. See Tuvalu Islands 

elongated Africans, 168, 171, 182, 183, 194 

embolism, 129 

Emerillon, 321, 328, 329 

end-labeling method, of DNA analysis, 83, 
84-86 

Enga, 358 

English populations, 58, 75, 76, 82, 261, 
268, 270. See also British Isles 

enzymes: defined, 9; as genetic markers, in 
42 populations, 82 

Equatorial linguistic family, 319, 321, 322, 
328, 341 

ESD: in Africa, 186; in the Americas, 
334; in Asia, 246; in Australia, 367; in 
Europe, 288; in New Guinea, 367 

Eskimo (Inuit) populations, 75, 76, 78, 
82, 99, 223, 224, 227, 229, 316, 321, 
326, 327, 331, 333; Asiatic, 221, 307, 
322, 323, 324, 326; languages of, 318; 
migrations to America, 307, 340-41 

Eskimo-Aleut languages, 98, 99, 221, 
317, 318 

Eskimo-Aleut populations, 316, 323; 
migrations to America of, 307, 317, 
320, 340-41. See also Aleut populations; 
Eskimo (Inuit) populations 

ESR (electron spin resonance), 349 

Esterase D. See ESD 

Estonian language, 263 

Eta, 232 

Ethiopia, 158, 163, 174, 189, 192, 219 

Ethiopian populations, 78, 99, 171, 173, 
175, 191, 192, 194 

Etruscans, 217, 222, 260, 265, 279-80, 
376 

Eurasians, ancestors of, 253 

Eurasiatic superfamily of languages, 98, 99 

Europe: agriculture in, 256-58; bootstrap 
analysis of, 268; Caucasoids in, 79-81; 
climate of, 255-56; demic diffusions 
to, 102, 296-99; ecology of, 255-56; 
genetics of, 268-87, 299-301; geography 
of, 255-56; linguistics of, 263-66, 
271-72; migrations to, 102, 290, 296-99; 
pastoral nomadism in, 258; PC maps 
of, 269; physical anthropology data for, 
266-68; population densities of, 68, 
262-63; population expansions in, 257, 


292, 293, 294, 295-96; prehistory of, 
256-63; “races” of, 267; single-gene 
studies of, 287-90; synthetic maps of, 
290-96; wave-of-advance model and, 
257. See also France; Iberian peninsula; 
Italy 

Europeans, 78, 93; anthropometric traits of, 
266—67; bias in genetic data from, 155; 
genetic distances from Africans, Asians, 
70—71; nearest common ancestors to, 94; 
origins of, 90—93; single-gene studies of, 
287-90. See also Europe; France; Iberian 
peninsula; Italy 

Eve, as first ancestor to modern humans, 
86-87 

Evenki, 221, 227 

evolution: additive, 31, 68-69; agriculture, 
development of, and, 105-8; and 
“Eve”, as ancestor to modern humans, 
86-87, 155; first studies of, using 
genetic data, 68-73; genetic data versus 
archaeological data and, 93-96; genetic 
data versus physical anthropology data 
and, 372; genetic trees, and the study 
of, 30; independent, defined, 68-69; 
linguistic/genetic correlates to, 101-5, 
156-57, 380-82; linguistic meaning 
of, 352; mtDNA analysis and, 83-88; 
multidisciplinary approach to study of, 
372; multiregional/polycentric hypothesis 
of, 62-68, 87-88, 93, 204, 254; parallel, 
hypothesis of, 63-68; pastoral nomadism 
and, 107-8; process of, 4, 11, 86; rapid- 
replacement hypothesis of, 63-68, 87-88; 
reconstructing the history of, genetic data 
and, ix, 373-74; reticulate, 58, 59; study 
of, ix, 380-82; unilinear inheritance 
and, 86-87. See also evolutionary rates; 
humans, modern; mutation; natural 
selection 

evolutionary fissions, defined, 16 

evolutionary rates: constant, hypothesis of, 
32-33, 36; molecular, 14, 15 

Ewe, 182, 193 

expansions. See population expansions 

express train to Polynesia, 347, 348 

extant populations, genetic data about, ix 

eye color, 266, 267 


Falasha, 173 

family: kinship measures and, 52-53; 
language and, 284; structures, geographic 
distribution of, 284-85. See also culture 

farming. See agriculture 

Fertile Crescent region, 214-15, 218, 221, 
256, 264 

Fiji Islands, 346, 351, 362, 363, 365 

Filipinos, 75, 76, 234, 237. See also 
Philippine populations 

Finnish populations, 227, 263, 268, 269, 
270, 273 

fissions, evolutionary, defined, 16 

fitness, Darwinian, 12 

Flathead Indians, 321 

Flemish speakers, 269 

Fon, 182 


foraging (food), and human evolution, 
105-8 

Fore, 358 

Formative period, of the Americas, 308, 
311 

Formosan languages, 221 

fossil materials: analyzing DNA of, 372; 
and reconstructing genetic histories, 
ix 

founders’ effect, defined, 15 

Frafra, 182 

France, 257, 260, 261, 269, 
280-85; Basque populations 
in, 280; family structure, 
geographic distribution of, 284-85; 
genetics of, 281-83; languages of, 
283-84; prehistory of, 280-81; synthetic 
maps of, 282-83. See also Europe; Euro- 
peans; French language 

Franks, 261, 281 

French language, 268, 270, 284, 285. See 
also France 

Fsr distances: for 42 populations, 
75; defined, 29, 30; and DNA 
polymorphisms, 113-17; and non-DNA 
polymorphisms, 117-18; properties of, 
111-13; world genetic variation expressed 
by, 118-21, 139-41. See also genetic 
distances 

Fulani, 161, 165, 169, 182 

Funji, 169, 173 

FUT2(SE): in Africa, 188; in the Americas, 
336; in Asia, 247; in Australia, 368; 
diseases associated with, 133; in Europe, 
290; in New Guinea, 368, 370; in the 
Pacific Islands, 370 

FY: in Africa, 129-30, 186; in the 
Americas, 334; in Asia, 246; in Europe, 
288: malaria and, 129-30: in the Pacific 
Islands, 369; in selected populations, 
early studies of, 68-73 


G6PD.: in Africa, 186; in Asia, 246; in 
Europe, 288 

G6PD deficiency: in Africa, 186; in the 
Americas, 130; anti-malarials and, 130; 
in Australia, 130; in Europe, 288; favism 
and, 130; malaria and, 130, 152; in New 
Guinea, 367, 369; in the Pacific Islands, 
369 

Gadsup, 358 

Gagu, 182 

Gahuku, 358 

Galibi, 321 

Galician language, 286 

Galla, 173 

gametes, defined, 5, 13 

gastric ulcers, 129, 133 

Gauls, 280, 281 

GC, 130; in Africa, 187; in the Americas, 
334; in Asia, 246; in Australia, 368; 
in Europe, 288; in New Guinea, 
368 

Ge, 325 

Geelvink Bay languages, 347 

Geez language, 173 
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gene: defined, 4-7; names and symbols for, 
8-9 

gene flow, defined, 16, 55 

gene-frequency maps: defined, 28; 
evolutionary implications of, 47-50; 
methods of constructing, 42—50; 
symbols used in, 43; value of, 125-26; 
worldwide, 126, 127. See also genetic 
analysis; tree analysis 

Gene Mapping workshops, Human, 11 

gene replacement, 99, 103 

genes, polymorphic, defined, 6, 7 

genetic analysis: autocorrelation-in-space 
method in, 374; criteria for sample 
selection in, 378—79; cultural traits 
and, 381-82; distance matrices in, 
375; DNA banks and, 378; future 
of research in, 377-80; genetic- 
boundaries model in, 269, 271, 374; 
laboratory methods in, 377; and 
linguistics, correlations between, 
156-57, 271, 331-32; maximum- 
parsimony method in, 374; methods 
of, 25-39, 74-83, 274-83, 374-77; 
minimum-evolution methods in, 374; 
neighbor-joining in, 374; principal- 
component (PC) maps and, 374; synthetic 
maps and, 375-76; variograms and, 
53-54, 121-25, 374, 375. See also 
DNA; gene-frequency maps; genetic 
data; genetic distances; mutation; 
tree analysis 

genetic-boundaries model, 269, 271, 374 

genetic data: advantages of, 374; ar- 
chaeological data, compared to, 93-96; 
physical anthropology data, compared 
to, 372-73; and sample selection, 
378-79; types of, 372-73. See also 
genetic analysis; genetic markers; genetic 
variation 

genetic distances: defined, 25; methods 
of measuring, 29-30. See also Fsr 
distances; gene-frequency maps 

genetic drift. See drift 

genetic markers, 18; antibodies, 7; antigens, 
7, 9; blood groups as, 7, 9; defined, 
7; immunoglobulins, 10; names and 
symbols for, 8—9; proteins, 9; techniques 
for detection of, 7-11. See also genetic 
analysis 

genetic mutation. See mutation 

genetics, molecular, ix, 374 

genetic tree analysis. See tree analysis 

genetic variation, 3, 16; climate and, 
142-45; geographic distance and, 
121-25; linguistic variations and, 23, 
101-5, 156-57, 271, 331-32; migrations 
and, 15—16. See also genetic analysis; 
mutation 

genotypes, defined, 6 

geographic gene-frequency maps. See gene- 
frequency maps 

Ge-Pano-Carib languages, 320 

Germanic languages, 263, 265, 266, 269 

Germanic populations, 258, 259, 268, 
270 


germinal cells, defined, 5 

Ghana, 163 

GHR (growth-hormone receptor), in 
Pygmies, 177-78 

Gilbert Islands, 346, 362, 363, 365 

Gilyaks, 220, 316 

Gimi, 358 

GLOI: in Africa, 186; in the Americas, 
334; in Asia, 246; in Australia, 130; in 
Europe, 288; in New Guinea, 130 

glottochronology, defined, 24 

glucose-6-phosphate dehydrogenase. See 
G6PD 

glutamic-pyruvate transaminase. See GPT 

glycine-rich B-glycoprotein; factor B. 
See BF 

glyoxalase 1. See GLO] 

Goajiro, 321 

Gogodala, 358, 359 

Goilala, 358, 359 

Gondi, 239 

Gonds, 212, 223, 224 

goodness-of-fit test, 35 

Goths, 260 

GPT: in Africa, 186; in Asia, 246; in 
Australia, 369; in Europe, 288; in New 
Guinea, 369; in the Pacific Islands, 369; 
in South America, 369 

Great Wall of China, 201, 205, 232 

Greece, 257, 259, 260 

Greek languages, 263, 268, 270 

Greek populations, 58, 75, 76, 82, 260, 
268, 269, 287 

Greenland, 307, 308; languages of, 318; 
populations of, 227, 321, 322, 326 

Griqua, 176 

group-specific component. See GC 

growth-hormone receptor (GHR), in 
Pygmies, 177-78 

Guanche, 172 

Guatemala, 312 

Guayake, 321 

Guaymi, 321, 326, 327, 328, 329 

Guere, 182 

Guianas, 334 

Gujarat, 223, 224, 239 

Gule, 173 

Gur, 182, 193 

Gurage language, 173 

Gurkhas, 239, 239 

Gypsies, 4 


Hadza, 174, 177 

Haida, 231 

Haida language, 318 

hair color, 266, 267 

Hakka, 235 

Hallstatt culture, 250, 259, 260, 265 
Han, 233, 235 

Han dynasty, 201, 205, 208, 254 
Han surnames, tree of, 234 
haptoglobin. See HP 

Harappan culture, 199, 208, 209, 210 
Hardy-Weinberg rule, 7, 20-22 
Hausa, 165, 181, 182, 183, 194 
Hawaiian Islands, 347, 352 
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Hayak, 218 

Hazara Tajiki, 242, 243, 244 

heart disease, 129 

Hebrew languages, 222 

hemoglobin, 3, 9, 89; mutants, origins of, 
146-54 

hemoglobin C, in Africa, 148, 185-86 

hemoglobin D, in Africa, 148-49 

hemoglobin E, in Asia, 149 

hemoglobin S: geographic distribution of, 
146-49; in Mbuti Pygmies, 153 

heterozygosity: advantage of, in natural 
selection, 12; among world populations, 
138-42; defined, 6, 138; and RFLPs, 142 

Heyerdahl’s hypothesis, 366, 369, 370, 371 

Himalayans, 223, 224 

histocompatibility complex, major, defined, 
9-10 

Hittites, 216-17 

HLA, 233; in Africa, 187; in the Americas, 
333, 334-35; and ankylosing spondylitis, 
131; in Asia, 246-47; in Australia, 130, 
369; climate and, 142; defined, 9-10; 
differences in, among populations, 82; 
diseases correlated with, 131; in Europe, 
142, 288-92; in New Guinea, 369; in 
Sardinians, 274; in South America, 
130, 369; worldwide frequencies of, 
130-31 

HLA-A histocompatibility type. See HLA 

HLA-B histocompatibility type. See HLA 

Hoabinhian culture, 207 

Hohokam culture, 311 

Hokans, 318, 321 

Hokkaido, 230, 232 

Holocene epochs, 6/, 62 

Homo (genus), history of, 60-68 

Homo erectus: in Africa, 61, 253; 
in the Americas, 316-17; in Asia, 
61, 203-6, 232; in Australia, 349; 
in China, 61, 203; in Europe, 
61, 256; evolution of, 155-57, 
159, 203-6; history of, 60-61 

Homo habilis, 60-61, 159 

Homo sapiens: in Africa, 155, 
159-60, 253; in the Americas, 304, 
316-17; in Asia, 195, 203-6; in 
Australia, 344; in Europe, 61, 256; 
evolution of, 155-57, 159, 203-6; 
history of, 60-68 

Homo sapiens neanderthalenis, 195, 
214, 256; history of, 62-68; linguistic 
inferiority of, 157 

Homo sapiens sapiens: in Africa, 155, 
159-60, 253; in the Americas, 316-17; 
in Asia, 195, 203-6, 214, 253; in 
Australia, 344; in Europe, 256; evolution 
of, 155-57, 159, 203-6; history of, 
60-68; hypotheses as to place of origin, 
155; sites of earliest remains of, 63. See 
also humans, modern 

Homo sapiens soloensis, 206 

homozygosity, 6, 138-42. See also 
heterozygosity 

Homuto culture, 204 

Honshu populations, 230, 231 
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Hottentots, 160, 174; language of, 164-65. 
See also Khoisan populations 

HP: in Africa, 187; in the Americas, 334, 
369; in Asia, 246; in Australia, 368; in 
Europe, 288; malaria and, 130; in New 
Guinea, 368, 369; in the Pacific Islands, 
369 

Hshia dynasty, 204 

Hsiung-nu, 201, 224 

Huari culture, 314 

human evolution. See evolution 

Human Gene Mapping workshops, 11 

Human Genome Project, 377, 378 

human lymphocyte antigens. See HLA 

human races: classifying, 16-18, 267; and 
genetic “superiority” theories, 19-20 

humans, modern: Cro-Magnon peoples and, 
65-66; origins of, 62-68, 154-57, 204, 
253, 254. See also Homo sapiens 

Hungarians, 263, 268, 269, 270, 273 

Hungary, 257, 259, 261 

Huns, 201, 260 

Hunzas, 220, 239, 241 

Hurri, 216, 222 

Hutterites, 15 

HW rule. See Hardy-Weinberg rule 

hybridization, retrogressive, 256 

hypothyroidism, 132 


Iban, 234 

Iberian Peninsula, 258, 260; Basque 
populations in, 285-86; languages of, 
286-87; synthetic maps of, 285-87. See 
also Europe; Europeans 

Iberomarusian culture, 161 

Ibiza, 260 

Ibo, 181, 182 

Ica, 321 

Icelandic populations, 268, 269, 270, 272, 
276-77 

Idaho, 310 

IGFI (insulin-like growth factor I), in 
Pygmies, 177-78 

IGHG1G3, 233; in Africa, 176, 177; in the 
Americas, 131, 335, 370; in Amerinds, 
320; in Asia, 131, 247; in Australia, 
368, 369-70; diseases associated with, 
131; in Europe, 289; in New Guinea, 
368, 369-70; in the Pacific Islands, 369; 
in Sardinians, 274; in Southeast Asia, 
369 

immunodiffusion, defined, 10 

immunoglobulin GM1; GM3. See IGHG1G3 

immunoglobulin KM (Inv). See KM 

immunoglobulins, defined, 10, 131 

Imoro, 321 

implosions, population, 376 

Inca empire, 314-15 

independent evolution, defined, 68-69 

India, 68, 201, 208, 210, 258; caste system 
in, 211-12, 240-42; genetics of, 238-42; 
PC maps of, 240, 24/; prehistory of, 
208-13. See also Asia 

Indian populations, 75, 76, 78, 81, 99, 225; 
tribals, 212-13, 223, 224, 238-39, 252 

Indians, American. See American Indians 


indigenism, 297 

Indo-European languages, 99, 200, 201, 
213, 220, 222, 238; first recognized, 98; 
origins of, 263-66 

Indo-Hittite languages. See Indo-European 
languages 

Indo-Iranian languages, 222, 263 

Indonesia, 206, 346 

Indonesian populations, 75, 76, 78, 82, 99, 
220 

Indo-Pacific languages, 99, 344, 349, 350, 
365 

influenza virus, 129 

Ingano, 321 

inheritance, unilinear, defined, 86-87 

insulin-like growth factor I (IGFI), in 
Pygmies, 177-78 

Inuit. See Eskimo (Inuit) populations 

Inupik Eskimos, 322, 323, 326 

Iran, 213, 218, 243, 258 

Iranian languages, 222, 263 

Iranian populations, 75, 76, 78, 81, 99, 
171, 174-75, 176, 177, 178, 180, 194, 
224, 225, 242, 243, 244 

Iraqis, 223, 224, 242, 243, 243, 244 

Iraz, 243 

Irish populations, 268, 270 

Irula, 240 

islands, gene-frequency data for various, 
47-50 

isolated populations, 15, 16 

isolation by distance: defined, 28, 52; 
islands and, 47-50; and linguistic 
variations, 101-5, 353; variograms and, 
121-25 

Israel, 243 

Israelites, 217 

Italian languages, 263, 268, 270 

Italian populations, 58, 75, 76, 81, 268; 
Greek surnames among, 279. See also 
Europeans 

Italy, 257, 260, 261, 277-80, 376 

Ixil, 321 

Izhava, 240 


Japan, 68, 229, 231, 249, 251, 253. See 
also Asia 

Japanese language, 220 

Japanese populations, 75, 76, 78, 81, 99, 
223, 24, 2005 251; 242, 250; O11; 
prehistory of, 202-3. See also Asia 

Jarawa, 207, 212, 213 

Jat, 239, 240 

Java, 207, 208, 236, 344, 345 

Javanese populations, 234, 237, 239 

Jews, 4 

Jivaro, 321, 328, 329 

JK: in the Americas, 335; in Asia, 247; in 
Europe, 289 

Jomon period, 202, 203, 249, 251, 317 

Jordanians, 225, 242, 243, 244 


Kadar, 213, 225, 239, 356 
Kalahari Desert, 176 
Kalmyk language, 221 
Kamano, 358 


Kamchadal language, 221 

Kanaka, 234, 236, 237 

Kanet, 239, 239 

Kapauku, 358, 359 

Karakalpak, 223, 224 

Karamojo, 182 

Karanovo culture, 257 

Karen language, 221 

Kartvelian languages, 98, 222 

Kashmir, 223, 224 

Kayagar, 358, 359 

Kazakh, 221, 223, 224 

Kekchi, 321 

KEL: in Africa, 187; in the Americas, 335; 
in Europe, 289 

kell blood group. See KEL 

Kenya, 174 

Kerala populations, 223, 224, 239, 240 

Keresiouans, 318, 321, 322, 323 

Ket language, 220 

Khasi, 234, 234, 236 

Khazar, 202 

Khmer, 208, 234 

Khoi populations, 174, 176; admixture 
and, 175; lactose absorption and, 176. 
See also Hottentots; Khoisan popula- 
tions 

Khoisanids, 160, 174-77, 189, 194 

Khoisan languages, 99 

Khoisan populations, 74, 167, 174-75, 
189, 191, 194; admixture and, 176; 
ancestors of, 193; as ancestors to modern 
humans, 88; Mongoloid characteristics 
of, 223; mtDNA studies of, 83-84, 88. 
See also Bushmen 

Kiche, 321 

kidd blood group. See JK 

Kinka, 182 

kinship: coefficient of, 52; and language, 
284-85; measures of, 52-53 

Kirghiz, 221, 223, 224 

KM: in the Americas, 335; in Amerinds, 
320; in Asia, 247; in Australia, 368, 370; 
diseases associated with, 131; in Europe, 
289; in New Guinea, 368 

Kolami-Naiki, 239 

Koli, 239, 240 

Komi, 227, 229 

Konda, 239 

Konkan, 223, 224 

Korea, 202-3, 220, 229, 231 

Korean language, 220 

Korean populations, 58, 75, 76, 78, 81, 99, 
223, 224, 225, 230, 231, 232. See also 
Asia 

Koriak, 320 

Koros culture, 257 

Koryaks, 221, 225, 227, 229, 322, 323 

Kota, 240 

Kow Swamp humans, 349 

Koya, 239 

Kpelle, 182 

Krahn, 182 

Kraho, 331-32 

Kru, 182 

Kualong Mengen Island, 362, 363 


Kumyk language, 221 
Kunama, 173, 183 
'Kung San, 74 
Kunimaipa, 358 
Kunza, 321 

Kurds, 242, 243, 244 
Kurgan culture, 265 
Kurumba, 182, 240 
Kuwaitis, 242-43, 244 
Kweichow, 223, 224 
Kwomtari languages, 347 
Kyushu, 230, 231 


Labrador, 307 

lactose tolerance, 13, 176 

Lake Mungo, Australia, 343, 344 

Lambada, 239, 240 

language: culture and, 284; family structure 
and, 284-85; genetics and, 271-72, 381; 
origins of, 96-98, 103-5; relics, defined, 
100. See also linguistic families 

language replacement, 99-100, 157, 264, 
265; mechanisms of, 102-3 

Laotian populations, 221, 223, 224, 234 

Lapp languages, 227, 263 

Lapp populations, 74, 75, 76, 78, 82, 99, 
229, 268, 269, 270, 271, 276, 376; 
origins of, 95, 272-73 

Lascaux cave, 256 

La Téne culture, 259, 260, 265 

Latin language, 263, 265 

LE: in Africa, 188; in the Americas, 335; in 
Asia, 247; in Australia, 368; in Europe, 
289; in New Guinea, 368; in the Pacific 
Islands, 370 

least-squares tree, defined, 31 

Lebanese populations, 225, 242, 243, 243, 


244 
Lenca, 321 
Lengua, 321 


Levant region, 213, 217-18, 223, 224 

lewis blood group. See LE 

Libyans, 158, 171, 172 

Ligurians, 279-80, 376 

linguistic families, 22—24; classifying, 
difficulties with, 96-98; defined, 96-97; 
geographic distribution of, 97; super- 
families and, 98—99; variation in, 
and genetics, x, 23, 96-105, 156-57, 
271, 331-32, 380-82. See also lan- 
guage 

linguistic phyla. See linguistic families 

Linguistic Society of Paris, 96 

B lipoprotein, Lp system (LPA), in Europe, 
288 

liver cirrhosis, 129 

Lizzara, 182 

LPA (B lipoprotein, Lp system), in Europe, 
288 

LU (lutheran blood group), in Europe, 289 

Luangiua Island, 362, 363, 364 

Luo, 182 

lutheran blood group (LU), in Europe, 289 

Luzon, 225 

Lycians, 2-7 

lymphocyte antigens, human. See HLA 


Maasai, 165, 182 

Maaue, 321 

Mabaan, 182 

Macro-Carib, 321, 322, 323 

Macro-Caribbean linguistic group, 328 

Macro-Ge linguistic group, 320, 322, 323, 
328 

Macro-Panoan, 322, 323 

Macro-Panoan languages, 320 

Macro-Tucanoan, 321, 322, 323 

Macro-Tucanoan languages, 319 

Macushi, 316, 321, 328, 329 

Madang, 358, 359 

Madras, 223, 224 

Magyars, 261, 263 

Maharashtra Brahmin, 223, 224, 239 

Maipuran, 321 

Majinga, 182 

Makah, 321 

Makiritare, 21, 23, 58, 315, 321, 328, 329, 
330 

Malagasy, 168 

Malaita Island, 362, 363, 365 

Malapandaram, 212 

malaria, 129, 146, 149, 152; geographic 
distribution of, 753; resistance to, in 
Africa, 186, 192; sickle-cell anemia and, 
4, 12-13 

Malay, 234, 236 

Malayaraya, 240 

Malayo-Polynesian languages, 221, 237, 
238, 254 

Malaysian populations, 75, 76, 78, 82, 99, 
225, 2244225; 2505 201 

Mali, 172 

Mal’ta culture, 197, 305 

Manchu language, 221 

Mande, 165, 182, 193 

Mandinka, 182 

Mane, 329 

Mangbutu, 165 

Manus Island, 362, 363, 365 

Maoris, 352, 364 

maps, gene-frequency. See gene-frequency 
maps 

maps, PC. See PC maps 

maps, synthetic. See synthetic maps 

Mapuche, 321, 328, 329 

Maratha, 239 

Mari, 227, 229 

Marianas, 346 

Marquesas Islands, 366 

Marshall Islands, 346, 362, 363, 364 

Mataco, 321 

Maue, 328 

maximum likelihood method, defined, 
oly 3ST 

maximum parsimony method, defined, 30, 
34-35, 39, 374 

Mayan populations, 312-13, 321, 326, 327, 
328, 329 

Mbugu, 183 

Mbuti Pygmies, 74, 75-76, 78, 82, 99, 
169, 171, 174-75, 176, 177, 178, 
180, 194. See also Pygmy popula- 
tions 
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Mechta-Afalou, 161 

Medes, 218 

Melanesia: at first contact, 351; genetics 
of, 352-53, 362-67; geography of, 
344-45; PC map of, 365. See also 
Pacific Islands 

Melanesian populations, 75, 76, 78, 82, 99 

Mendelian populations, defined, 20, 23 

Meroe, 173 

Mexico, 308, 309, 311-13 

Miao- Yao languages, 220, 221 

Micmac, 321 

Micronesia: genetics of, 352, 362-67; 
geography of, 344, 345; PC map of, 
365; physical anthropology data for, 
349; settlers of, 346-47. See also Pacific 
Islands 

Micronesian populations, 75, 76, 78, 82, 99 

Middle East, 213, 214, 297-99. See also 
Levant region 

migrations: to America, theories of, 308, 
320, 325, 331, 340-42; defined, 5; 
earliest, 94; effect on genetic drift of, 
13; as an evolutionary force, 11; gene 
flow and, 16; individual, 15; mass, 
15-16, 94-96; types of, 15. See also 
drift; population expansions 

Minas, 212 

Mindanao, 225 

Ming dynasty, 202 

minimum-evolution method, defined, 374 

minimum-path method, defined, 32, 34, 35 

minimum-string model. See minimum-path 
method 

Minoan civilization, 259 

Miskito, 321 

Misumalpan, 321 

mitochondrial DNA. See mtDNA 

MNS: in Africa, 131, 188; in the Americas, 
335; in Asia, 131, 232, 247; in Australia, 
131, 368; in Europe, 289; in New 
Guinea, 131, 368; in the Pacific Islands, 
131, 370; in Sardinians, 274; in selected 
populations, early studies of, 68-73 

MNS blood group. See MNS 

modern humans. See humans, modern 

Mogollon culture, 311 

molecular clock, defined, 33 

molecular evolutionary rates, defined, 
14, 15 

molecular genetics, ix, 374 

Momberamo, 358, 359 

Mongol dynasty, 205 

Mongolia, 227, 260 

Mongolian languages, 220, 221 

Mongoloids, 225; and Caucasoid 
admixtures, 224, 253, 254; dental 
characteristics of, 316-17, 340; 
morphological traits of, 222-23, 316; 
northern versus southern, 79-81, 233, 
317; origins of, 316. See also Cauca- 
soids 

Mongol populations, 78, 99, 202, 223, 224, 
225, 227; Tungus, 75, 76, 82, 227 

Moni, 358, 359 

Mon-Khmer languages, 221, 234, 235 
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Mon-Khmer populations, 75, 76, 78, 82, 
99, 213, 233, 234, 236 

Montagnais, 321, 327 

Morocco, 171, 172 

Mossi, 182 

Motilon, 321 

Motu, 358, 359 

Mozambique, 176 

mtDNA: defined, 83; early studies of, 
86-88; and “Eve” as ancestor to modern 
humans, 86-87, 155; methods of analysis 
of, 83-93; mutation rates in, as measure 
of genetic distance, 96; sequencing of, 
88-93; theory of the coalescent and, 86; 
Y-chromosome and, 86, 88-89. See also 
DNA; DNA analysis; genetic analysis; 
RFLP 

Mukleshoot, 321 

multidisciplinary approach, to the study of 
human evolution, 372 

multiregional hypothesis, of human 
evolution, 62-68, 87-88, 204, 254 

multivariate analysis, 5, 22 

multivariate craniometry, 73 

Munda populations, 213, 221, 223, 224, 
234, 236, 237, 238, 239 

Mundaris, 212 

Muskogee, 321 

Mussau Island, 347 

mutation: defined, 4, 5, 145; extinction 
versus fixation and, 14; hemoglobin 
mutants, origins of, 146-54; and natural 
selection, 12; role of, in evolution, 11; 
selectively neutral, 14. See also genetic 
analysis; genetic variation 

Mycenean civilization, 259 

myopia, 129 

Mzab, 193 


Nabataeans, 218 

Na-Dene languages, 99, 221, 317, 318 

Na-Dene populations, 75, 76, 8], 227, 331, 
333; migrations to the Americas, 307, 
317, 340-41; northern versus southern, 
322, 323, 324, 341 

Nahali language, 220 

Nahua, 321, 326, 327, 328, 329 

Nakanai Island, 362, 363, 365 

Nama, 176 

Namibia, 177 

Nara, 173 

Naskapi, 321, 326, 327 

native Americans. See American Indians 

Natufian culture, 214 

natural selection: Darwinian fitness and, 
12; defined, 11-13; effects of, on 
reconstructing genetic histories, 120-21; 
and evolution, 11; and genetic mutations, 
12; heterozygous advantage and, 12; 
selective coefficients and, 12-13. See 
also evolution 

Nauru Islands, 346 

Navajo, 311, 318, 321, 323, 326, 327, 341 

Nayar, 240 

Neanderthals. See Homo sapiens 
neanderthalensis 


Negritos, 207, 212, 213, 225, 234, 236, 
237, 238, 242, 252; in Australia, 
349, 356 

Negroids, 167-69 

neighbor-joining method, defined, 32, 35, 
374 

Nei’s distances, 27, 29, 76, 77 

Nenets, 229 

Nentsy, 225, 227 

Neolithic era: in Africa, 161—62; in Asia, 
198-200, 204-6; defined, 61; in Europe, 
102, 257-58, 296-99; population 
expansions during, 102, 296-99, 376. 
See also Paleolithic era 

neoplasms, and ABO blood group, 129 

Nepalese populations, 229, 230, 231, 241 

networks, defined, 58 

Nevada, 310 

New Britain Island, 360, 362, 363, 365 

New Caledonia, 346, 351 

Newfoundland, 307 

New Guinea, 237, 344; agricultural 
development in, 346; archaeological 
sites in, 345; Australia and, 155, 351, 
353, 361, 370-71; at first European 
contact, 351; genetics of, 345, 352, 
356-62; geography of, 343; Papuan 
languages of, 350; PC map of, 360; 
physical anthropology data for, 349; 
single-gene studies of, 367-70; synthetic 
maps of, 355, 356. See also Pacific Is- 
lands 

New Guinean populations, 75, 76, 78, 
79-81, 82, 99, 349; mtDNA analysis in, 
361 

New Hebrides, 362, 363, 365 

New Ireland Island, 360, 365 

New Mexico, 311 

New Zealand, 347, 352, 362, 364, 366. See 
also Pacific Islands 

Nganasan, 227, 229, 316 

Ngbakas, 21, 183 

Ngbundu, 183 

Niaux caves, 256 

Nicobar islands, 212 

Niger, 172 

Nigeria, 158 

Niger-Kordofanian languages, 99, 165 

Nilo-Saharan languages, 99, 165, 173, 194 

Nilo-Saharan populations, 75, 76, 82, 178, 
183 

Nilotic populations, 78, 99, 165, 182, 183, 
194 

Nivkh language, 220 

Nivkhs, 316 

Noanama, 321 

nomadism, pastoral, 107-8, 199, 200-202 

non-Pama-Nyungan languages, 350 

Nootka, 321 

North America. See The Americas 

Norwegians, 268, 269, 270 

Nostratic superfamily of languages, 98, 
99 

Nubians, 192 

nucleotides, defined, 5 

Nuer, 182 


numerical taxonomies, 29-30 
Nuristani language, 263 
Nzakara, 183 

Nzema, 182 


Oceania: genetics of, 68, 349, 351-53, 
362-67, 370-71. See also Australia, 
New Guinea; Pacific Islands 

Oceanic-Austronesian languages, 344 

Ockham’s razor, 34 

Ojibwa, 321, 326, 327 

OK, 358, 359 

Okanagan, 321 

Olmec civilization, 312 

Omagua, 315 

Omotics, 165, 173 

Oneota culture, 312 

Onge Andamanese, 212, 213, 223, 224 

Oraons, 212, 223, 224, 239 

jOra, 176 

Oregon, 310 

Orissa caste, 223, 224 

Orkhon Turks, 201-2 

Oshara culture, 311 

Ossetians, 201223, 224 

Oto-Manguean languages, 318 

Oyampi, 321, 328, 329 


P1: in Africa, 188; in the Americas, 335; in 
Asia, 247; in Australia, 368; in Europe, 
288, 289; in New Guinea, 368; in South 
America, 370 

Pacas Novas, 321, 328 

Pacific Islands: early settlers of, 346-49; 
genetics of, 351-53, 362, 362-67, 

363, 367; geography of, 344, 345; PC 
map of, 365; populations of, 79-81; 
single-gene studies of, 369-70. See also 
Australia, New Guinea; New Zealand; 
Oceania 

Pacos Novas, 329 

Paez, 321 

Paezan languages, 318-19, 328, 341 

Pahari, 223, 224 

Paiwan, 234, 235, 236 

Pakistan, 68, 231, 238-42 

Palau Islands, 234, 236, 237, 346, 362, 
363, 364 

Palawan, 207, 225 

Paleo-Indians, in the Americas, 303-12 

Paleolithic era: Africa, 159-61; in Asia, 
156, 197, 198, 202-6; in China, 

203-4; defined, 61; genetic drift and, 
156; in Japan, 202-3; population expan- 
sions during, 376. See also Neolithic era 

Palikur, 321 

Pama-Nyungan languages, 350 

Panama, 332 

Panare, 321 

panmixia, defined, 20 

Panoan languages, 341 

Papago, 311, 321, 326, 327, 328, 329 

Papuan (Indo-Pacific) languages, 347, 350 

Papua New Guinea. See New Guinea 

Paraguay, 334 

Parakana, 321, 328, 329 
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parallel evolution hypothesis, 63-68 

Paraujano, 321 

Parji, 239 

Parsi, 239, 240 

parsimony methods, defined, 30, 34-35, 
39, 374 

Pashtun language, 242 

pastoral nomadism, 107—8, 199, 200-202. 
See also agriculture 

Pathans, 242, 242, 243, 244 

Pawnee, 321 

Paya, 321 

P blood-group system. See P/ 

PC maps: of 42 populations, 81-83; of 
climatic variables, 142-45; defined, 
28, 39-42; flexibility of, 374-75; and 
geographic maps, 41; versus synthetic 
maps, 42; of world populations, 133-38. 
See also genetic analysis; tree analysis 

PCR (polymerase chain reaction), 11, 88 

Peking man, 203, 206 

Peleset, 217 

Pemon, 321 

Penobscots, 321 

Penutian linguistic group, 318, 328 

Penutians, 321, 322, 323 

PEPA: in Africa, 188; in the Americas, 336 

peptidase A. See PEPA 

Persian gulf populations, 224 

Peru, 306, 308 

Peuls, 161, 165, 169, 182, 194 

PGD: in the Americas, 336, 370; in Asia, 
247; in Australia, 368; in Europe, 289; in 
New Guinea, 368; in the Pacific Islands, 
370 

PGK1: in New Guinea, 370; in the Pacific 
Islands, 370 

PGM1: in the Americas, 336, 370; in Asia, 
247; in Australia, 368; in Europe, 289; in 
New Guinea, 368; in the Pacific Islands, 
370 

PGM2.: in the Americas, 336, 370; in 
Australia, 368; in New Guinea, 368; in 
the Pacific Islands, 370 

phenograms, defined, 30 

phenotypes, defined, 6 

phenylthiocarbamide tasting. See PTC 

Philippine Islands, 206, 207, 237, 346 

Philippine populations, 78, 82, 99, 225, 
234, 236 

Phoenicians, 217, 243, 260, 287 

phosphoglucomutase |. See PGM1 

phosphoglucomutase 2. See PGM2 

phosphogluconate dehydrogenase. See PGD 

phosphoglycerate kinase 1. See PGK1 

phyla, linguistic. See linguistic families 

Phylip computer software program, 39 

phylogenetic tree analysis. See tree analysis 

physical anthropology data, x, 372-73; 
for Africa, 167-69; for The Americas, 
316-17; for Asia, 222-26; for Europe, 
266-68; for the Pacific Islands, 349. See 
also anthropometric traits 

PI (q@-|-antitrypsin), in Africa, 186 

Piaroa, 321, 328, 329 

Pimay-5 11-321, 326, 327; 326, 329 


Pingelap Island, 362, 363, 365 

Piro, 321 

plague, 129 

Plasmodium falciparum, 12 

Plasmodium vivax, 186, 194 

Pleistocene era, 6/, 67 

Polish populations, 268, 270 

polycentric hypothesis, of evolution, 62-68, 
87-88, 93, 204, 254 

polymerase chain reaction (PCR), 11, 88 

polymorphic genes: defined, 6, 7; first 
discovered, ix. See also genetic anal- 
ysis 

Polynesia: Amerind contribution to, 366; 
archaeology of, 347; drift and, 353; 
“express train” to, 347, 348; genetics 
of, 347-48, 352, 362-67; geography of, 
344, 345; migrations to, first, 95; PC 
map of, 365; physical anthropology data 
for, 349; settlers of, 346-48. See also 
Pacific Islands 

Polynesian populations, 75, 76, 78, 82, 99 

population bottlenecks, defined, 36 

population expansions, 105-8; defined, 16; 
demic model of, 102-3; elite-dominance 
model of, 264-66; of Homo sapiens 
sapiens, 111; importance of, in human 
evolution, 105-11; summary of major, 
112; wave-of-advance theory of, 108-9. 
See also migrations 

population genetics, 67-68; defined, .x; 
formulas for numerical analysis in, 
26-27; and Hardy-Weinberg rule, 20-21; 
identifying populations to study, 20-22; 
overview of, 11—16; populations needing 
more detailed study, 379-80. See also 
genetic analysis 

population implosions, 376 

population isolates, 15, 16 

Portuguese, 268, 270, 286 

principal-component analysis. See PC maps 

principal-coordinate analysis. See PC maps 

probes, DNA, defined, 10 

properdin factor B. See BF 

properdin. See BF 

proteins: as catalysts, 9; defined, 3, 5; elec- 
trophoresis and, 3, 9; polymorphisms in, 
7; variations in, among 42 populations, 
82 

pseudogenes, defined, 15 

PTC, 10; in Africa, 188; in the Americas, 
336; in Asia, 247; in Europe, 289; 
thyroid diseases and, 132; worldwide 
frequencies of, 131-32 

Pueblo indians, 311 

Punjab Brahmins, 239, 240 

Punjabi, 223, 224, 239 

Pushtu language, 242 

Pygmoid populations, 177-80, 183 

Pygmy populations, 167, 169, 170, 
179-80, 183, 194, 242; DNA studies 
of, 90-93; genetic distances among, 180; 
and insulin-like growth factor, 177-78; 
in New Guinea, 349. See also Biaka 
Pygmies; Mbuti Pygmies; Pygmoid 
populations 
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qanat system of irrigation, 218 
Qin, 201, 205 

Quechua, 321, 328, 329 
Queen Charlotte Island, 307 
Quinault, 321 


races, human. See human races racism, 267 

Raiput, 239 

Rajbanshi, 239, 240 

Rajputs, 240 

Rama, 321 

random genetic drift. See drift rapid- 
replacement hypothesis, 63-68, 87-88 

Reindeer Chukchi, 225, 227, 322, 323 

Republic of South Africa, 158 

Restriction analysis, of DNA, 10 

restriction fragment length polymorphism. 
See RFLP 

Restriction sites, DNA, 10 

reticulate evolution, 58, 59 

retrogressive hybridization, 256 

RFLP: analysis of, 83-93; defined, 10-11; 
for various human populations, 89, 337. 
See also DNA; DNA analysis; genetic 
analysis; mtDNA 

RH, 9, 18; in Africa, 132, 188; in the 
Americas, 132, 336; in Amerind 
populations, 321; in Asia, 132, 247-48; 
in Australia, 368; in Basque populations, 
132; in China, 232; diseases associated 
with, 133; in Europe, 289-90; in France, 
280; haplotypes of, 132-33; in New 
Guinea, 132, 368; in the Pacific Islands, 
370; in Sardinians, 274; in selected 
populations, early studies of, 68-73 

rhesus blood group. See RH 

rheumatoid arthritis, 129 

Romance languages, 263, 265, 266, 286 

Roman Empire, 260, 26/ 

Rumania, 257, 258, 259, 260 

Russia, 260 

Russians, 268, 270 

Ryukyuans, 230, 231, 232 


Saame. See Lapp populations 

Sacae. See Scythians 

Sacians. See Scythians 

Sahara desert, 172 

Sahulland, 344 

Salish, 321 

Samarians, 4 

Samaritans, 15 

Same. See Lapp populations 

Samoa Islands, 346, 352, 362, 363, 364, 
366 

Samoyed languages, 220 

Samoyed populations, 74, 78, 99, 225, 
227, 229 

San Blas, 321 

Sandawe, 174, 177 

San populations, 75, 76, 78, 82, 99, 174-75, 
176, 178, 180, 194 

Santhals, 212 

Sara, 165, 169, 180, 182, 183 

Sarawak, 234, 236, 237 

Sardinia, 95, 260, 261 
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Sardinian populations, 74, 75, 76, 78, 82, 
217, 268, 269, 270, 272; origins of, 
273-76; surname studies of, 274-76 

Sarmatians, 201 

SAS statistical package, 31 

Saudi populations, 242, 243, 244 

Scandinavia, 257 

Scheduled Tribes, of India, 212, 238-39 

Scottish populations, 268, 270 

Scythians, 201, 242 

Sea Dayak, 234, 234, 236, 238 

Sea People, 217 

Secretor. See FUT2(SE) 

selection, natural. See natural selection 

selection, sexual, 266, 267 

selection coefficients, defined, 12—13 

selectively neutral genes, defined, 
13-14 

Semai, 234, 235, 236, 238 

Semang, 225, 242 

Seminole, 321 

Semitic languages, 165, 221, 222 

Senoi, 235 

Sentinel islanders, 212-13 

Sepik Ramu, 347, 358, 359, 360 

Seram, 345 

Serer, 169, 182 

SE. See FUT2(SE) 

sexual selection, 266, 267 

Sherpa populations, 229, 230, 231 

Shilluk, 182 

Shipibo, 321 

Shuara, 321 

Siberians, 197-98, 227, 316 

Sicilians, 161, 217, 260, 277, 278 

sickle-cell anemia, 3, 9, 146; malaria and, 
4, 12-13 

Sidamo, 173 

Sinhalese, 239, 240 

Sinitic languages, 221 

Sino-Tibetan languages, 99, 213, 220, 221, 
233, 238, 241 

Siona, 321 

Siriono, 321 

skin color, 266—67 

Sko languages, 347 

Slave, 321 

Slavic languages, 263, 265 

smallpox, 129 

Society Islands, 362, 363, 364, 365-66 

Solomon Islands, 357, 365 

Somalis, 169, 173 

South Africa, Republic of, 158 

South America. See The Americas 

Southeast Asia: Australia and, 94; 
ecology of, 197; G6PD deficiency 
in, 369; genetics of, 234-38, 362; 
linguistic/genetic classifications of, 238; 
PC maps of, 235, 237; prehistory of, 
206-8. See also Asia 

Southern blotting method, 83-84 

Spain, 257, 260, 261. See also Iberian 
Peninsula 

Spaniards, 268, 270 

species, defined, 17 

Sri Lankans, 223, 224, 225, 238-442 


Srubnaya cultures, 200, 201 

stepping-stone model, 52, 121 

stepwise discriminant analysis, 331 

Stonehenge, 258 

Sudanese, 171, 173 

Sui dynasty, 205 

Sulawesi, 345 

Sumatran populations, 207, 208, 234, 236, 
237, 344 

Sumerians, 215, 222, 242 

Sumo, 321 

Sunda Islands, 345 

Sundaland peninsula, 344 

Sung dynasty, 205 


surname studies: of Chinese in Taiwan, 235: 


of Greeks in Italy, 279; of Sardinians, 
274-76 

Svani populations, 242, 243, 244 

Swedish populations, 227, 268, 269, 270 

Swiss populations, 260, 268, 269, 270 

synchronic variation, defined, 16 

synthetic maps: defined, 28; limitations of, 
136, 138; methodologies of constructing, 
50-51; phenomena detectable by, 376; 
of the world, 133-38. See also genetic 
analysis; PC maps 

syphilis, 126, 129, 333 

Syrians, 223, 224, 243 

system-collapse model, 102-3 


Tahiti, 352, 364 

Tai, 234 

Tairora, 358 

Taiwan, 235 

Taiwan aborigines, 234, 235, 237 

Tajiks, 223, 224 

Takia, 358, 359 

Talamanca, 321 

Tamerlane, 202 

Tamil, 240 

T’ang dynasty, 205 

Tanoan languages, 318 

Tanzania, 174, 177 

Tarahumara, 321 

Tarascan, 321 

Tartessian civilization, 287 

Tasmanian populations, 343, 344, 349-SO, 
370 

Tatars, 202, 221 

taxonomies, numerical, defined, 29-30 

teeth, studies of, 204, 316-17, 340 

Teribe, 321 

TF: in Africa, 188; in the Americas, 336; 
in Asia, 247; in Australia, 368, 370; in 
Europe, 290; in New Guinea, 368, 370 

Thai populations, 75, 76, 78, 82, 99, 207, 
221,223, 224, 225; 234,236 


thalassemias, 13; geographic distribution of, 


149-52: malaria and, 150; in Sardinians, 
274 
Tharu, 239, 239 


three-migrations theory, 308, 320, 325, 331, 


340-42 
thrombosis, 129 
thyroid diseases, 132 
Tiahuanaco culture, 314 


Tibetan populations, 75, 76, 78, 82, 99, 
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Tibeto-Burman languages, 213, 221 
Tibeto-Karen languages, 22] 
Ticuna, 316, 321, 328, 329 
Tiefo, 182 

Tiffinagh alphabet, 173 
Tigre language, 173 
Tigrinya language, 173 
Tikal, 312, 313 

Timor, 345 

Timur Lenk, 201-2, 211 
Tiv, 183 

Tlingits, 318, 321 


Toba, 321 


Toba Batak, 234, 236, 237 


Tocharian languages, 263, 263 
Toda, 240 

Tokelau Islands, 362, 363, 364 
Tolai Island, 362, 363, 365 


Toltec civilization, 313 


Tonga Islands, 352, 362, 363, 364, 
366 

topology, tree, defined, 32 

Toraua Island, 362, 363, 365 

Torricelli, 347, 351, 358, 359 

Totonaca, 321 

Transferrin. See TF 

transhumance, 308 

Trans-New Guinea languages, 347, 350 

tree analysis: admixtures and, 57— 
59; average-linkage method of, 37; 
bootstrap analysis of, 35, 374; con- 
structed from anthropometric traits, 
71-73; Darwin’s trees of descent and, 


30; defined, xi, 30; dichotomous, 25, 28: 


early quantitative studies using, 68-73; 
as evolutionary histories, 30; goodness- 
of-fit test in, 35; linguistic trees and, 
96-105; location of the root of, 33-34; 
maximum-likelihood method of, 37; 
methods of constructing, 25, 28, 31-39, 
374; rooted, 25, 32; treeness tests in, 
35-37; unrooted, 25, 28, 32; weaknesses 
of, 28; of world populations, 77, 78, 
79. See also genetic analysis; PC maps 

treeness tests, 35-37 

trees of descent: and Darwin’s Origin of 
Species, 30; first used to reconstruct 
human evolution, 68-73. See also tree 
analysis 

Tria, 329 

tribals, of India, 212, 223, 224, 238-39, 
240 

Trio, 315, 321, 328 

Tripolye culture, 258 

Truk Islands, 362, 363, 365 

Tuaregs, 169, 171, 172-73, 194 

tuberculosis, 129 

Tucanoan languages, 341 

T’u-chueh, 201-2 

Tukolor, 182 

Tunebo, 321 

Tungus languages, 220, 221 

Tungus populations, 202, 223, 224, 225, 
22/5 232% 316 
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Tunisians, 171, 172 

Turkana, 182 

Turkey, 242, 243 

Turkic languages, 220, 224 

Turkic populations, 75, 76, 78, 82, 99, 
226, 227, 229 

Turkish language, 221 

Turkish populations, 224, 225, 
251,242 

Turkmen, 223, 245 

Turkmenia, 198, 199 

Turkmen language, 221 

Turkmen Oguz nomads, 202 

Turkomen, 229, 230, 231 

Turko-Mongolic, 316 

Turk populations, 201, 202, 224, 229, 230, 
243, 244, 245, 261 

Tuva, 221, 227, 227,230, 231, 245 

Tuvalu Islands, 362, 363, 364 

Twa, 183 

Tzeltalan, 321 

Tzotzil, 321 


Ubangian, 183 

Uganda, 174 

Uighurs, 233 

Ukraine, 258 

ulcers, 129, 133 

unilinear inheritance, 86—87 

UPGMA (Unweighted Pair-Group Method 
using Arithmetic Averages), 31-32, 37, 
374 

Uralic languages, 98, 227, 263, 272-73 

Uralic populations, 75, 76, 82, 223, 224, 
Zan 229 

Uralic- Yukaghir languages, 98, 99, 220 

Urartian language, 216-17, 222 

Urartians, 217-18, 242 

Urnfield cultures, 259, 260 

Uruava Island, 362, 363 


Ushki culture, 305, 307 

USSR Eskimos, 221, 227, 307, 322, 
323, 324, 326. See also Eskimo (Inuit) 
populations 

Utah, 310, 311 

Uto-Aztecan languages, 318 

Uttar Pradesh Brahmin, 223, 239 

Uzbek language, 221 

Uzbek populations, 223, 224, 225, 226, 
229, 230, 231, 245 


Vania Soni, 239, 240 

Vanuatu Island, 362, 363, 365 

variation, genetic. See genetic variation 

variograms: applied to classical 
polymorphisms, 121-25; defined, 
53; methodologies of, 53-54; versus 
correlograms, 54 

Veddahs, 240, 241 

Veddas, 212, 213, 223, 224, 225 

Veddoid, 356 

Viet Muong, 225, 234, 235, 236 

Vietnamese, 207, 208, 223, 224, 233 

Vikings, 308 

Visigoths, 260-61, 281 

vitamin-D-binding protein. See GC 

vitamin-D hypothesis, of skin color, 266—67 

Voltaic, 182 


Wajana, 328, 329 

Wapishana, 316, 321 

Warao, 321, 328, 329 

wave-of-advance theory, 257, 264, 298, 
310; defined, 108-9 

Wayana, 321 

Wichita, 321 

Wobe, 182 

Wolof, 169, 182 


Xavante, 315, 321, 328, 329, 331-32 
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Xhosa, 174, 176 
Xia dynasty, 204 


Yakut populations, 221, 227, 227, 230, 
231, 245, 316 

Yamnaia culture, 258 

Yang-Shao culture, 204 

Yanomame populations, 21, 23, 36, 58, 
315; 321,328, 329, 331 

Yap populations, 234, 236, 237, 346, 349, 
362, 363, 365 

Yaruro, 321 

yaws (disease), 129, 331 

Y-chromosome, 86, 87, 88-89 

Yecuana, 321 

Yemenites, 242, 243, 244 

Yeniseians, 221, 229 

Yiddish language, 263 

Yoruba, 182 

Yucatn, 312, 313, 321 

Yueh’ coastal culture, 235 

Yugoslavians, 257, 268, 269, 270 

Yukaghir, 316 

Yukaghir languages, 220 

Yunnan, 223, 224 

Yupa, 321, 328, 329 

Yupik Eskimos, 227, 322 

Yupik languages, 229, 318 

Yurak, 229 


Zaire, 158 

Zambia, 176 

Zamucoan, 321 

Zapoteca, 321 

Zhuang, 234, 235, 238 
Zimbabwe, 176 

Zulu, 174 

Zuni, 321, 326, 327, 328, 329 
zygote, defined, 5 
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TABLE OF GENETIC MAPS 


Australia 
Locus Allele World? Africa Asia Europe America Pacific New Guinea 
ABO A l 91 92 93° 94 95 96 
Al 2 97 98 99 100 101 102 
A2 3 103 104 105 
B 4 106 107 108° 109 110 111 
0 5 112 113 114° 115 116 117 
ACEI A 118 119 
B 6 120 121 122 123 124 125 
C 7 126 127 
ADA 1 8 128 129 130 
AK1 ] 9 131 132 133 
ALPP S1 134 
Fi M 10 135 136 
AG X 11 137 138 
LPA A 139 
CAI I 140 
CA2 1 141 
CHE] U 2 142 143 144 145 
CHE2 (+) 146 147 
C3 S 148 149 
F 13 
DI A 14 150 151 
FY A 15 152 153 154 155 156 
B 157 158 159 
0 160 161 
ESD I 16 162 163 164 165 166 
G6PD def Ll? 167 168 169 170 171 
A> 18 172 
= 19 
A+ 20 173 
B+ 21 174 175 176 177 
GPT | 22 178 179 180 181 182 183 
BF S 184 185 
F Zo 186 187 
Fl 188 
SO.7 189 190 
GLO! i 24 191 192 193 194 
GC 1 Zo 195 196 197 198 199 
IF 26 200 201 202 
HP 1 27 203 204 205 206 207 208 
IS 209 
HLAA | 28 210 211 212 
2 29 213 214 215 216 217 
3 30 218 219 220 
9 1 221 222 223 224 22) 
23 226 
10 32 227 228 229 230 
2) ae 
ll 33 232 235 234 22) 
19 34 236 237 238 239 
28 2 240 241 242 243 


“ Locations of data points were not represented for Europe in world maps because they are too densely distributed. They are shown in detail 
in the corresponding Europe maps. This does not apply to the few cases in which the map of Europe is not given because the data points are 
insufficient (e.g., map 13, C3*F). 

> To avoid excessive crowding, the locations of the data points do not appear in the same map as the gene frequency surface but are indicated as 
crosses on a separate, observed points map (observed points for B and O are identical to those found in observed points for A, map 93). In the 
map of the gene frequency surface, only the locations with statistically significant heterogeneity are indicated. 
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COLOR SECTION AND GENETIC MAPS 


1. Worvp. Four major ethnic regions are shown. Africans are yellow, Australians red, and Cauca- ish color in parts of America and on the way to it). The extensive gradients due to admixtures 
soids green. Mongoloids show the greatest variation retaining some similarities with Europeans on between Africans and Caucasoids in North Africa, and between Caucasoids and Mongoloids in 
one side (a light brown greenish tinge in middle Siberia) and with Australians on the other (a pink- middle Asia, are clearly visible. (See chapter 2.) 


2. Arrica. Three major ethnic regions are shown. 
The green band represents Caucasoid north- 
ern Africans; the red corresponds to original 
Black Africans; and the blue represents Khoisans 
(Bushmen and Hottentots), who have some fea- 
tures in common with Asians and may have been 
in East Africa at an earlier time. The colored 
area centered in the Cameroons may represent 
the nuclear area of the beginning of the Bantu 
agricultural expansion to the south and east. (See 
chapter 3.) 


3. Asia. Three major ethnic regions are shown: 
pale green with a yellow central tinge in South- 
west Asia; blue in north-central Siberia; and red 
in the east, varying from an extremely dark color 
that makes Southeast Asia almost invisible, to a 
very light one among the northern Mongoloids, 
and then on to purple farther northeast. The ex- 
pansion of agriculture from the Middle East in 
light green is superimposed on another expan- 
sion (yellow tinge around the lower half of the 
Caspian sea), which is probably associated with 
Turkish expansion. (See chapter 4.) 


4. Europe. Five major ethnic regions 
are shown: blue for Lapps in northern 
Scandinavia (continuing east to in- 
clude other Uralic peoples in Finland 
and northern Russia); dark red for all 
Germanic-speaking populations (from 
Scandinavia to northern Germany to 
most of England); blue-gray leading to 
brown for populations in Celtic areas 
of the British Isles (excluding Scot- 
land but also including Basque areas 
in southwestern France and northern 
Spain); green for most of the popula- 
tions in the Mediterranean; and orange 
for those in southern Russia. Red and 
green may be the two major streams 
of Neolithic farmers from the Middle 
East, one directed to the northwest 
via the Balkans (where little of the 
red stream is left); the other directed 
west through the Mediterranean. The 
orange component represents proba- 
bly the migration from the steppes, in 
part due to the first pastoral nomads 
and, in part, to their descendants. (See 
chapter 5.) 


5. America. North America is green 
(mostly northern Amerind) and yel- 
low (Na-Dene speakers). The picture 
does not supply a clear distinction 
between these and Eskimos, probably 
because the latter inhabit a very thin 
area on the coast. The southern part 
of North America is grayish, and the 
pink area at the boundary between 
southern Arizona, New Mexico, and 
northern Mexico is a sort of average 
from: various populations: southern 
Na-Dene (Apache and Navajo, who 
also have some genetic admixture with 
Amerinds) and neighboring speakers 
of Uto-Aztecan languages. 

Central America shows a compli- 
cated mosaic of colors, as expected 
of a region that was probably crossed 
many times by many groups. The area 
occupied by Chibchan speakers is rel- 
atively homogeneous. 

South America is dominated by two 
colors, red and blue, neither of which 
is found in North America. Both col- 
ors appear in Central America as well, 
pointing to some remnants of the pas- 
sage across the funnel north of it. Blue 
extends to the north and northeast and 
might represent a dominant direction 
of migration, where languages of the 
Tucanoan, Caribbean, and Ge stocks 
are spoken preferentially. The other 
dominant migration (full red) was 
in the southern direction along the 
Andes, but archaeological evidence 
supports its expansion from the An- 
des toward the east, mostly into the 
Amazon plains. (See chapter 6.) 


6. Austra.ia/New Guinea. Four major regions are shown: pale green in northern Australia and New Guinea; pale blue in the extreme east; 
a very dark color in western Australia and southeastern New Guinea; and red in southern New Guinea and Australia as well as in central 
Australia. It is difficult to visualize a pattern common to Australia and to New Guinea. (See chapter 7.) 


| Khoisan BB italic | Na-Dene & Miao- Yao a Dravidian ie Chukchi 1 Burushaski 


WB Niger-Kordofanian I siav Mi caucasian MB austroasiatic Ml uralic Ml Eskimo-Aleut 2 Ket 

ia Nilo-Saharan Wi Germanic Mi Basque : Boaic BD attaic BB indo- Pacific 3 Gilyak 
Other 

ag Afro-Asiatic i) Indo-European WB Sino-Tibetan WM Austronesian - Amerind | Australian 4 Nahali 


7. Geographic distribution of linguistic families and isolated languages, according to Ruhlen (1987). In the upper figure only 
indigenous populations are shown; in the lower figure modern populations have been added. The distribution of the latter is taken 
with modifications from the Times Atlas of the World (1989). Four branches of Indo-European languages have been given different 
shadings, as indicated in the key. The color for “Other Indo-European” is used for all Indo-European languages in the upper map. 
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8. A comparison is made between the genetic tree discussed in chapter 2 (figure 2.3.2A) and language families and 
superfamilies as in figure 2.6.2. Different colors are used to distinguish the continents (outlined under populations) and 
within each continent the different color shades correspond to the linguistic phyla defined. 
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teins, and DNA markers, in over eighteen 
hundred, primarily aboriginal, populations. 
By mapping the worldwide geographic dis- 
tribution of the genes, the scientists are now 
able to chart migrations and, in exploring 
genetic distance, devise a clock by which to 
date evolutionary history: the longer two 
populations are separated, the greater their 
genetic difference should be. This volume 
highlights the authors’ contributions to ge- 
netic geography, particularly their technique 
for making geographic maps of gene frequen- 
cies and their synthetic method of detecting 
ancient migrations, as for example, the mi- 
gration of Neolithic farmers from the Middle 
East toward Europe, West Asia, and North 
Africa. 

Beginning with an explanation of their 
major sources of data and concepts, the au- 
thors give an interdisciplinary account of 
human evolution at the world level. Chap- 
ters are then devoted to evolution on single _ 
continents and include analyses of genetic 
data and how these data relate to geographic, 
ecological, archaeological, anthropological, 
and linguistic information. Compromising a 
wide range of viewpoints, a vast store of new 
and recent information on genetics, and a 
generous supply of visual elements, includ- 
ing more than 500 geographic maps, this 
book is a unique source of facts and a cata- 
lyst for further debate and research. 


“The enormous breadth of its conclusions 
and its global scope will make this an ex- 
tremely important book in the whole field of 
the humanities and in the scientific study of 
human populations. The authors are pioneer- 
ing in their mapping of gene frequency dis- 
tributions and in their historical interpreta- 
tion of that patterning.” 

—Colin Renfrew, Jesus College, 
University of Cambridge 


L. Luca Cavalli-Sforza is Professor of Ge- 
netics at Stanford University, Paolo Menozzi 
is Professor of Ecology at the University of 
Parma, and Alberto Piazza is Professor of 
Human Genetics at the Medical School of 
Turin. 
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